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PREFACE TO THE SECOND ENGLISH EDITION *

Professor von Gborqievics' Lehrhuch der Farbenchemie is so well

known to chemists that no further introduction is needed, and the

fact that it had reached its fourth edition in 1913, under the capable

editorship of Professor Grandmougin, is sufl&cient evidence of its

popularity abroad.

Although the German edition is available to English-speaking

readers, the renewed interest which the war has compelled all to take

in the future development of the synthetic dye industry has made it

desirable that an up-to-date English translation should be prepared for

those whose lack of familiarity with German may render the reading

of the original a somewhat tedious business and, moreover, in carrying

out the translation of the work advantage has been taken of the

opportunity to bring the subject-matter up to date and to make various

alterations to the original text and arrangements where it seemed

desirable.

Fortunately, from the reviser's point of view, the last six years

have witnessed few, if any, developments of outstanding importance

in the scientific and technical branches of the dye industry, though

vast changes have occurred in the commercial and economic sides.

which cannot, however, be discussed here.

^ The chief additions and alterations to be noted in the present

edition are :—the Tables indicating the relationships of the various

derivatives of Benzene, Toluene, Naphthalene and Anthracene, the

chapters on Quinoline Dyes and Coal-tar, which have been rewritten,

a new section dealing with the Anthocyans, the chapter on Anthra-

quinone dyes and Vat colours, an account of recent work on

Carminic acid and Curcumin, and, lastly, a list of all the more

important books connected with the chemistry of dyes.

The translation is entirely new and, wherever it has seemed desirable,

references to work published during the period 1913-20 have been

inserted, whilst in most cases the British Pateats are referred to, as

well as the German.

I wish to acknowledge gratefully the assistance rendered to me
by ray wife during the translation, and also that of Dr. E. Hope,
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Dr. A. Hynde, Dr. J. Kenyon and Mr. G. R. Clemo, who have aided

me greatly with helpful suggestions during the revision of the

manuscript.

I also wish to express ray thanks to the British Dyestuffs Cor-

poration Limited for permission to use their excellent library facilities.

It may be added that the notification of any errors or omissions

will be much appreciated.

FREDERICK A. MASON.

3 Burlington Mansions,

HiGHGATE Village,

London, N. 6.

August 1920.
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PREFACE TO THE FOURTH GERMAN EDITION

On being invited to edit the fourth German edition of von Georgievics'

Lehrbuch der Farbenchemie, the undersigned agreed to do so with

pleasure, as he was well acquainted with the work and held it in high

esteem.

The reviser held it to be his duty, in preparing the new edition,

to preserve the original character of the book as far as possible, so that

the work involved was limited for the most part to inserting references

to recent work in order that the book should be brought up to date

in the light of modern developments in tinctorial chemistry.

The original arrangements were therefore adhered to so far as it

was feasible although, in view of the relationships which are now

known to exist between various classes of dyes, the general plan might

well have been changed considerably.

Owing to the alterations in the accepted theories as to the con-

stitution of various dyes, certain of the chapters have undergone a

very substantial modification. In particular is this the case with the

Azines, Oxazines, Thiazines, Rhodamines, etc., which, according

to the views now held, must be regarded as possessing ori)^o-quinoid

structures.

Owing to the great developments in dye chemistry during recent

years, the scope of the book has inevitably increased very considerably

in spite of the careful excision of all less important matters.

This increase is especially noteworthy in the cases of the relation-

ships between constitution and colour, of the Azo dyes, the derivatives

of Anthraquinone, Sulphur dyes and, above all, of the Vat dyes
;

this last chapter is quite new and, bearing in mind the great activity

in this field, it has been treated rather fully.

Since the Vat colours have not hitherto been discussed, the some-

what ample treatment of the subject may perhaps be of use to those

who are specially concerned with this class of dyes.

In a text-book on dye chemistry the technical dyes niust, of

course, be considered, but it is not the object of the present volume

to offer a complete resume of all such colours ; two works having
vU
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this object in view were published at about the same time, viz. :

—

Farbstojf-tabellen, by G. Schultz, and Untersuchung und Nachweis

organische Farbstoffe auf spektroskopischem Wege, by J. Formanek and

E. Grandmougin, and were frequently utilized by the author.

In these books are enumerated the various names under which

the same dye is frequently placed on the market by different firms,

and also the mixtures and so on which can only be touched upon in

the present volume.

The huge developments on the technical side of dye chemistry

(from 1907 to 1912 some 1,500 patents were taken out) have made it

inevitable that a select'on should be made, special attention being

paid to the chief lines of advance in colour production.

A further result of this development is that it has become almost

impossible for any individual to be acquainted with every detail,

and accordingly we find that in the dye-works a great specialization

of the colour chemists has taken place.

The author desires to acknowledge gratefully the valuable items

of information sent him from various quarters ; in particular he

wishes to express his thanks to Director Dr. Noelting for revising the

manuscript and for numerous items of interest from his own wide

experience in the domain of dye chemistry.

My assistant, Dr. Havas, aided me in the chapter on the Azines

with the literature references, the index, and with the proof-reading.

GRANDMOUGIN.
MULHATJSEN,

May, 1913.
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INTRODUCTION *

CLASSIFICATION AND GENERAL CHARACTERISTICS
OF DYES

Until the middle of the last century the only colours available for

the decorative treatment of textiles by dyeing or printing were the

vegetable dyes, the colouring-matters from certain cochineal-insects

and molluscs, and a few mineral colours. Organic dyes prepared arti-

ficially were indeed already known, such as Picric acid and Rosolic

acid—the former having been prepared in 1848 from coal-tar carbolic

acid by the firm of Guinon-Marnas and used as a dye,t but there was
hardly any question of a coal-tar colour industry, as such, in those

days : this first came into existence as a result of the discovery of

Mauve by Perkin in 1856 and of the even more important dye,

Fuchsine (Magenta), by Verguin in 1859, which gave the first impulse

to the development of the huge present-day industry.

All the artificial organic dyes of commerce are prepared from

substances occtlrring in coal-tar ; they are therefore termed Coal-Tar

Dyes. At the present time considerably more than 1,500 dyes have
been placed on the market.

At the outset a distinction was drawn between these and natural

colouring matters, the chief reason for this being due to the properties of

the artificial colours first produced. These were in general much
handsomer and brighter, but not so fast as the majority of the

natural dyes, and,' by a somewhat hasty generalization, artificial dyes

were at first regarded as beautiful but fugitive—a prejudice which
for a long time acted adversely on the artificial dyes, and which
was only removed on the introduction of the Alizarin dyes in the

seventies. This prejudice was also probably supported by the

opinion then prevailing that natural substances resulting from
the vital activity of animals and plants could not be prepared

by artificial means.

J

At the present time we have synthetic dyes some of which are at

least as fast as, and others considerably more so than, those of natural

origin ; and, moreover, the problem of the artificial preparation of

certain natural dyes is now solved (Alizarin, Indigotin, etc.).

* The historical development of the Coal-tar Colour Industry is described
shortly at the end of the volume, p. 502.

t P. Mounet, Historique des principales couJeura.

X Wohler's synthesis of urea was, however, effected as long ago as 1828.

2
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It is now known that no fundamental difference separates the two
classes " artificial " and " natural " dyes, and that they are almost
without exception derivatives of benzene, and therefore aromatic
compounds. Nevertheless the old classification into "natural" and
" artificial " dyes may still be retained until the constitution of the

former has been definitely settled, and until they cease to appear in

commerce.
As a further means of distinction, attempts have been made to

classify dyes in accordance with their behaviour in the dyeing of

fabrics ; thus Bancroft distinguished between " substantive " and
" adjective " dyes. He gave the name of substantive to all dyes

capable in themselves of dyeing fabrics ; whereas adjective dyes are

those requiring the assistance of a mordant.*

However, we are now acquainted with dyes that act " direct,"

i.e. are capable of dyeing alone, but may also be fixed by the aid of

a mordant ; also with others which can neither be used for dyeing

direct nor yet with the aid of a mordant. To these belong Para Red
and Aniline Black, which therefore cannot be classified at all under

this system.

Hummel divides dyes into " monogenetic " and " polygenetic,"

the former class, e.g. Magenta, being only able to produce one colour

(in various shades), whereas the polygenetic dyes, e.g. Alizarin, can

produce different colours according to the mordant employed. The
former class corresponds to the substantive, the latter to the adjective

dyes. This classification, however, suffers from the same defects as

that of Bancroft.

The individual terms, substantive, adjective, monogenetic and
polygenetic dyes, can be very properly used for characterizing the

dyeing properties of colours ; but as a means of classification in general,

these distinctions are unsuitable.

From the practical standpoint the only true principle of classifica-

tion is the method of using the dyes. Such a simple classification

as has hitherto been attempted is impossible, owing to the very great

differences in the character of the dyes and in their methods of

application. •

The dyes so far prepared may be subdivided, however, into the

following nine classes :

—

1. Acid Dyes.—Chiefly sodium salts of sulphonic or carboxylic

acids, or nitro compounds. To this series belong Picric acid, most

of the Azo dyes, the Eosines, etc. These dye wool and silk direct in

an acid bath, i.e. are used in conjunction with an acid or an acid

salt. They are not for the most part adapted for dyeing cotton.

2. Tannin Dyes.—Mostly salts of colour bases with hydrochloric

acid. They are sometimes, though not very correctly, termed basic

dyes ; they dye wool and silk direct without any addition ; cotton

with the aid of tannin. To this class belong Magenta^ Auramine, etc.

3. Direct Cotton Dyes, or Substantive Dyes.—(German :" Salz-

* Certain metallic salts. Other substances, such as tannin, which are also

occasionally termed mordants, will be referred to in the following pages as fixing

agents.
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farben "= " Salt-dyes ", as they are used with the addition of

neutral or alkaline salts).*

These dyes are generally sodium salts of sulphonic or carboxylic

acids, which are also absorbed by the fibre as such. They are capable
of dyeing cottdn direct, with certain additions to the dye bath, such
as common salt, Glauber salt, etc., and are fixed on wool and silk

in a similar manner.

The class embraces Benzidine dyes, Primuline dyes, etc.

4. Sulphur Dyes.—A class producing colours on cotton in an alka-

line bath with addition of soluble sulphide which are fast to washing,
the development of the true dye, however, being usually effected by
oxidation subsequent to absorption by the fibre. They consequently
occupy an intermediate position leading to the next class of

5. Vat Dyes, which, by reason of their inert chemical character

have no affinity for textile fibres, and can only be fixed thereon
by reduction and subsequent oxidation. To these belong Indigo
Indanthrene, etc.

6. Mordant Dyes are all of a phenolic or acid character, and can,

as a rule, only be fixed on the fibre by the aid of mordants. The
Alizarin dyes, the colouring matters of dye-woods, etc., belong to

this class. In general, dyeings with these colours are characterized

by fastness to washing and fulling. The mordant dyes are therefore

used with previously mordanted materials. A recently developed
class of dyes is that of the

7. Chrome Dyes or Chrome-developzd Dyes.—They serve for dyeing
wool in an acid bath and are developed by subsequent treatment
with bichromate, i.e. by conversion into the fast chrome lake. In
some cases they are used with previously mordanted materials.

Certain dyes of this class may be used in conjunction with bichromate
for direct dyeing (e.g. Monochrome Colcurs, Au'ochrcme Colours, etc.).

Chromic fluoride and, to a lesser extent, copper salts are also used
for developing acid dyes. Such colours are related both to the acid

dyes and the mordant dyes ; owing to their growing importance they
may practically be considered as forming a class of their own.

8. Developed Dyes.—These include such colours as, being insoluble,

cannot be used direct for dyeing, and must therefore be first produced
upon the fibre, e.g. ^-Nitraniline Red (an azo dye). Aniline Black, etc.

9. Albumin Colours (or Pigment Colours) cannot be employed by
any of the foregoing methods, since they require to be fixed on the

fibre by an agglutinant, for which purpose albumin is most suitable.

They include the colour lakes and the majority of mineral pigments.

Constitution and Colour.

The classification given above greatly facilitates the study of the

dyes as regards their practical application and is based upon actual

practice as described in the Chemical Technology of Textile Fibres.
"f

* G. objects to the use of the term " substantive cotton dyes " as many are

also good wool dyes, and therefore uses the teim " Salzfarben "
; in this country,

however, it is more usual to speak of " Direct cotton dyes " or " Substantive
dyes."—F.A.M.

t Second English edition, Scott, Greenwood & Son, London, 1920.
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In the present volume, which deals with dyes from the theoretical

standpoint, the constitution of the dyes is the sole criterion of classi-

fication. The old subdivision into aniline, phenol, naphthol, etc.,

dyes does not fulfil these requirements, entailing as it does the grouping
together of colours of sometimes widely different constitution.

At the present time dyes are classified according to the generally

accepted proposals of 0. N. Witt,* namely, in accordance with the

groups from which their character as dyes is derived. Witt calls

these " chromophoric " groups or chromophores. They form, in the

first place, the so-called " chromogens," or parent substances of dyes,

which are only converted into true dyes by a change effected in their

inert chemical character by the introduction of salt-forming groups.

Example : —N=N— is a chromophoric group ; azobenzene,

CgHs—N=N— CgHs, is, it is true, red in colour, but is not a dye.

If, however, its inert chemical character be modified by the intro-

duction of salt-forming groups, dyes are produced :

CgHs—N=N— Cr,H4NH2 (aminoazobenzene)

and CgHs—N=:N

—

CqH^^OH (hydroxyazobenzene) are dyes.

Azobenzene is therefore a chromogen.

The following are the more important organic chromophoric
groups :

(1) The ethylene group, >C=C<.
(2) The carbonyl group, >C=0.
(3) Carbon-nitrogen groups, >C=NH, or —CH=:N—
(4) Azo- groups, -N=:N-, -N=N-, -N=N-N<.

II

(5) The nitroso group, attached to carbon, ^C—NO.
(6) Nitro groups, —NO2.

(7) Groups containing sulphur, >C=S, ^C—S—S— C^, etc.

Coloured compounds (chromogens) are therefore produced by the

introduction of these chromophores into the colourless hydrocarbons
such as benzene, naphthalene, anthracene, etc.

The colour is, of cpurse, deepened if a chromophoric group is

introduced several times into the molecule, or if different chromo-
phores are introduced simultaneously. Experience shows that the

relative positions of the chromophores exert a great influence on the

colour, a more compact grouping, in particular, usually causing a

deepening of the colour.

Generally speaking the colour of a dye can be deepened by adding

substituents so as to increase its molecular weight, the deepening

of colour produced being more or less proportional to the increase

in the molecular weight. This rule, first enunciated by Nietzki, is

referred to as " Nietzki's Rule," f and serves to explain certain well-

known regularities observed with classes of dyes, such as those of the

• Ber., 9, 522(1876).

t Nietzki, Verhandl. des Verein zur Bejorderung des Oeiverbefleissea, 58, 231

(1879)



INTRODUCTION

triphenylmethane series, where increasing the molecular weight of

the substituents deepens the colour of the dye. There are, however,

numerous exceptions to the " Rule," * particularly in cases where

additional groups diminish instead of increasing the depth of the

colour. Such groups may therefore be termed " hypsochromic " or

" bathochromic " according to whether they diminish or increase

the depth.

Recently an interesting new conception has been introduced by
J. Piccard,f who found in examining a certain series of meriqninoid

derivatives (cf. p. 15) that on increasing the molecular weight of the

substituents the colour deepened from yellow through blue to green

(in accordance with Nietzki's Rule), but that the end member of the

series (derived from tetraphenyl benzidine), which should have been

the most deeply coloured of all, was actually only yellow.

The deepening of colour in any series such as this is due to the

gradual movement of the absorption band from the blue to the red

end of the spectrum, and it is only to be expected that the band might

eventually pass altogether out of the visible spectrum into the infra

red. This appears to have happened in the case described and the

yellow colour is apparently due to a second band which has come
forward from the ultra-violet into the visible part of the spectrum.

Hence Piccard terms it " Yellow of the second order," in analogy

with the behaviour of an ordinary series of diffraction spectra.

Coloured substances which absorb in the visible portion of the

spectrum are therefore produced by the addition of chromophoric

groups to an otherwise colourless molecule which shows no absorp-

tion in the visible portion of the spectrum, although it may do so

in the ultra-violet. The colour is caused by this absorption in the

visible portion of the spectrum : the absorption usually occurs in the

complementary spectral colour.

According to Schiitze J it has been found that the deepening or

lightening of the colour takes place in general in accordance with the

following scheme :

Greenish-yellow

Yellow.

Orange.

Red.

Purple.

Violet.

Indigo.

Blue.

Greenish-blue.

Green.

In order that the coloured body, however, shall also be a dye it is

necessary that the groups introduced shall give it a suitable acidic

* Cf. for example Schutze, Zeitsch. f. phys. chzm., 9, 109 (1892).

t Ber., 46, 1843 (1913); Helvetica Chim. Acta, I. 134 (1918); J. Am. Chem.
Soc, 40, 1074(1918).

X Zeitsch. phys. Chem., 9, 109 (1892).
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or basic character on which depends its power of attaching itself to

the fibre.

In general, therefore, it may be said that only those organic com-
pounds are to be regarded as dyes which contain acid or basic groups,

or atomic groups capable of being transformed readily into such acid

or basic groups.

An organic substance which contained, for example, only phenyl

or methyl groups would therefore not be a dye.

The most important groups in this respect are the Hydroxyl and
Amino groups ; in fact they play so great a part in conditioning the

colour and dye character of a substance that one is forced to assume

that in many cases some rather obscure interaction occurs between

these groups and the chromophoric groups : following the suggestion

of Witt such groups are termed " Auxochromic groups " or " Auxo-
chromes."

Besides the hydroxyl and amino groups themselves, their alkyl-

and alphyl- derivatives often form auxochromes, e.g. OCH3, NH(CH3),
N(CH3)„ NH.CeHs, N. (CH3)(C6H5), etc.

On acylation, however, their influence is usually diminished to

a considerable extent: thus O.COCH3, NH.COCH3, N,(CH3).N0,
have hardly any auxochromic character. There are exceptions to

this generalization, such as the group—NH. SO,. CgHg which is

strongly acid,* and the group—NH. CO. CgHs which occurs in many
vat dyes (e.g. the Algol colours (By).).

Certain other groups also possess auxochromic properties such as

the hydroxylamine group, —NH.OH, and the hydrazine group,

—NH.NH2.t Commercial dyes containing such groups are not,

however, prepared, since in this form they are unstable, and must
first be stabilized by alkylation, formation of hydrazones, etc.

The auxochromic group may also on occasion be produced only

in the actual dye bath : thus, for instance, the vat dyes which are

insoluble in water form reduction products soluble in alkali, the car-

bonyl groups being reduced to hydroxyl groups :

>C=0 ~> ^C-OH

in the case of the sulphur colours the solubility iri sodiun) sulphide

is probably to be explained by the formation of a sulph-hydryl group
—SH. In both cases the affinity of the dye for the fibre is due to the
—OH or —SH group respectively and in the subsequent oxidation

the insoluble dye is precipitated on the material.

Sulphonic groups also play an extremely important part in the

chemistry of organic dyes : on being introduced into the molecule

of a dye they give the latter an acidic character and so transform

it into an acid dye. If the original dye is insoluble in water the sul-

phonated product will be soluble, and may thus make the colour

of practical importance for dyeing. The intensity of the dye is, how-
ever, usually somewhat diminished in the process. It has been shown

* D. N. Witt and G. Schmidt, Ber., 27, 2370 (1894).

t E. Noelting, Chcm. Ztg., 1910, 1016.
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that in certain cases, such as the hydroxyanthraquinones, the sul-

phonic group can also function as an auxochrome, though to a lesser

extent than the hydroxyl and amino groups.* Or, again, the fact

that azobenzenesulphonic acids and the sulphonic acids of coloured

hydrocarbons are capable of dyeing animal fibres can only be attributed

to the auxochromic character of the sulphonic groups.

f

The relative position which a sulphonic group occupies in the

molecule of a dye has usually a considerable influence upon the colour

and tinctorial power of the latter. From the behaviour of certain

Azo dyes it appears to be correct to state that the influence of a sul-

phonic group upon the colour increases according to its proximity

to the chromophoric group.

Nitro groups function as chromophores in the case of the nitro

dyes, and in those dyes possessing other chromophores the NO2 group
often causes a shifting of the colour towards the blue and frequently

increases the fastness of the colour to light to a very considerable

extent.

Chlorine has recently attained to some importance as a substituent

for dyes (cf . chlor-indigo) ; it behaves similarly to the nitro group.

Bromine has often a pronounced effect in deepening the colour

and increasing the fastness. Its use, hitherto confined to the Eosine

group, has been found recently of great value in the production of

vat dyes.

Iodine also deepens the colour of dyes, but is little used on account
of its high price.

The Carboxyl group has only a slight influence on the shade of a
dye ; it increases the fastness of its dyeings, however, and usually

enables the colour to form " lakes " with mordants (v.i.).

Alkyl groups do not exert any special influence on the character

of a dye when introduced into the molecule.

Alkoxy groups, on the contrary, render a dye considerably bluer

and increase its beauty and tinctorial power. As instances of this

we may compare the dyeings obtained with Azo Blue with those from
Benzazurine ; those of the Ponceau dyes with those from Coccinine,

and Azo Coccine with Azo Eosine.

Alkylamino groups also alter the shade of a dye towards blue and
act more strongly than the unsubstituted amino groups. The alphyl-

amino group, —NH.Ar (Ar=arDmatic nucleus), which plays a most
important part in the production of acid anthraquinone dyes, causes

the colour to shift even more towards the blue than do the alkylamino
groups.

According to the Earbwerke Hoechst the trialkylammonium group
possesses the valuable property, in addition, of being able to render
insoluble azo dyes soluble {Janus colours).

Whilst a fairly clear idea has now been gained as to the influence

of various substituents upon the character of a dye, very little is really

* Zeitsch.f. Farben- und Textilchemie, IV. Jahrg., p. 189, " Beizfarbevermegen
der Oxyanthrachinine," by v. Georgevics.

t The sulphonic acids of coloured hydrocarbons are true dyes, though of course
very feeble (Noelting and Lutz, private communication).
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known as to the ultimate cause of the colour of a substance, that is

to say, as to the connection between the constitution of a body and its

colour.

It used to be thought that only such organic compounds as con-

\ tained nitrogen, oxygen or sulphur could be coloured ; it was looked

upon as an invariable rule that hydrocarbons themselves must be

colourless ; this " rule " has, however, been proved incorrect by the

discovery of several coloured hydrocarbons. Perhaps the most in-

structive example of this kind has been given by Thiele,* who found

that in cyclopentadiene

CH=CH/ "

the methylene hydrogen (i.e. the hydrogen of the >CH2 group) pos-

sesses a reactivity usually found only in ketones but not in hydro-

carbons. The hydrocarbon in question reacts, for instance, with

diazo compounds, unlike other hydrocarbons ; further, it reacts with

aldehydes and ketones to give orange to blood-red hydrocarbons

which are derived from " Fulvene "
:

ch=ch/

as it was termed by Thiele (this body has not itself been analysed).

With acetone, for example, dimethylfulvene is produced :

CH=CH/ \CH3 '

The existence of these " Fulvenes " proves, therefore, that coloured

organic compounds need not of necessity possess a complicated structure,

as was previously assumed.

Fulvene and benzene are isomeric, and not only have the same

composition but also the same number of double linkages in the mole-

cule t (assuming the correctness of Kekule's formula) ; and yet fulvene is

yellow and benzene quite colourless. From this fact the very im-

^ portant conclusion may be drawn that the colour of organic compounds

is very largely conditioned' by the manner in which the double linkages

are arranged, or by the molecular configuration so brought about.

Many other illustrations may be adduced, such as the well-known

cases of colourless tetraphcnylethylene and red bi-bisphenylene-

ethene :

c=cr — —i )c=C:

Tetrapherrylethylene Bi-bisphenylene-ethene

(Colourless). (Red).

* Btr., 33, 666-673 (1900).

I The centric formula is, however, now often used.
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The chromophoric action of the ethylene linkage is tnus enhanced

to a quite surprising extent by the double ring formation, which, so

to speak, causes a more compact system of linkages.

The following further coloured hydrocarbons may also be noted :

Bi-bisphenylenepropylene

(Yellow).

Dinaphthylene-diphenylene-ethene

(Red-violet).

the bronze-yellow Dekacyclene obtained by polymerization of acenaph-

thylene (Dziewonski), and the yellow Diphenylhexatriene :

C6H5-CH-CH-CH-CH-CH=CH-C6H5

Or, again, the orange-yellow substance Carotine which occurs

widely in plant organisms, such as carrot roots, le?ves, etc., and has

the formula C40H56, is another example of a highi coloured hydro-

carbon.

A further and very remarkable sei les of colouicd hydrocarbons

to which attention may be called is that of the triarylmethyls which
have the general formula, AraC (where Ar= an aromatic group), and
contain trivalent carbon.

It has been shown by Gomberg, Schmidlin, Schlenk and others *

that compounds of this type, such as triphenylmethyl,

(C6H5)3C

can be obtained by treating the corresponding triarylmethyl chloride

with a finely divided metal such as zinc or copper. They are strongly

coloured compounds which exist in solution in equilibrium with the

corresponding dimolecular ethane derivatives, e.g. triphenylmethyl
with hexaphenyl ethane :

2(C6H5).3C ^
Strongly coloured.

(C6H5)3>C—C^(C6H5)3
Colourless.

the latter being quite colourless. The coloured monomolecular forms
add on hydrogen, chlorine, oxygen, etc., with avidity to form the

corresponding methane derivatives, the colour disappearing at once.

Further, it has been shown by Schlenk that, on replacing the phenyl
groups one at a time by biphenyl groups (CeHs— CeHi— ) the colour

is greatly intensified, whilst -the tendency to dissociation is also in-

creased, as may be seen from the following table :

Substance.



10 DYE CHEMISTRY

It is obvious that in such cases the colour is very closely connected

with the degree of unsaturation, and this appears to afford evidence

that in other cases also the colour of a compound may be directly

related to the degree of unsaturation of some portion of the molecule.

The matter is somewhat too involved for detailed discussion here,

but is of quite sufficient importance to be worth calling attention to.

Even before the discovery of the fulvenes it was pretty generally

assumed that the presence of ethylene linkages was an essential for

the production of colour in organic compounds, chiefly on account

of the ready reducibility of the organic dyes to the colourless so-

called " leuco compounds " (by the alteration of the double linkage),

which are usually readily reconverted into the original dj'c on oxidation.

The following examples will serve to illustrate this :

Chromogen or dye.

C6H5-N=N-C6H5
Azobenzene.

0=C6H4=
Quinone.

N:
/C6H4=0

Indophenol.

CoH-i

Indigo.

^COs
)CoHj

Leuco compound (colourless).

C3H5-NH-NH-C6H5
Hydrazobenzene.

HO-CeHi-OH
Hydroquinone

.

HN

CoH6il4s

/CeHi-OH

\C6H4 . NH2
Leuco-indophenol.

CO. CO

Indigo-white.

\
CeHj

and many others.

Recently it has been shown that the process of reduction may
also be accompanied by a deepening of colour : thus, for example,

the greenish-yellow anthraquinone-azine is converted on reduction

into the deep-blue Indanthrene :

/V<^0\/^

COnX\

coA/
Anthraquinoneazine.

/VCO\/\

V^coA^X
I

NH
HN

I

\/VC0x/\

x/^coAy
Indanthrene Blue.

Kehrmann and Havas have made a similar observation in the

case of 1 : 3-dinitrophenazine, which is yellow and on reduction is con-

verted into the dark blue dihydroderivative.

Again, the reddish-yellow dehydroindigo jdelds the deep blue

Indigo when reduced :
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0/CO\ /C0\/\ /N/COx /C0\/\
c^-c

J
II c-c

Indigotin, Dehydroindigo.

An explanation may perhaps be found in the fact that in anthra-

quinone-azine three chromophorie groups are present ; namely, the

two quinone groupings and the azine group. On reduction the azine

groups are converted into amino groups, which, as is well known, are

strong auxochromes, and in addition form part of a ring.*

This participation of amino groups in ring formation is also of

great importance in the case of indigo, the chromophore of which :

-CO-C---C-CO-

would otherwise cause only a yellow colour.

Of recent years, following the original suggestion made by Arm-
strong, f most dyes have come to be regarded as quinone-like bodies,

being looked upon as derived not from benzene itself but from the

dihydrogenated benzene nucleus :

II

C
/\

CH CH
•

II II

CH CH
\/
C
II

corresponding to the modern conception of quinones as diketones :

^-quinone.
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satisfactory, and it will be used exclusively in this book. The question

has been raised again by the observation of Willstatter and Miiller

that o-benzoquinone can exist in two forms *—a labile, colourless,
" benzenoid " modification which is first produced and a red, pre-

sumably " quinoid," form into which the colourless variety is trans-

formed—without, however, offering any definite answer to the problem.

f

It is now generally assumed that dyes owe their colour to the

presence of quinoid linkages, an increase in the pre-existing acid or

basic character of the body being caused at the same time, and that

every aromatic substance Avhich can be transformed into a tautomeric

coloured form, possesses a quinoid structure in the latter condition.

E. El. Watson, indeed, goes even further, and has formulated the

rule " that dyes which are quinoid in all possible tautomeric forms
have a deep colour, no matter how simple their structure or how small

their molecular weight." J
Since hj^droxyl and amino groups, owing to the mobility of their

hydrogen atoms, can help to bring about such transformations into

quinoid forms, it is readily seen why these groups play so large a part

in dye chemistry.

The idea of " chromophoric groups " already mentioned, which is

still indispensable in dj^e chemistry as a means of classification, is

insufficient to explain the cause of colour by itself, just as a chromo-
phore is inadequate of itself to produce a dye.

Chromophores are only able to form dyes on the introduction of

auxochromes into the molecule, and then only in certain circumstances.

Thus, for example, the introduction of one or more nitro groups into

the benzene nucleus produces no coloration, as the nitrobenzenes have
been shown by Hantzsch to be colourless in a pure state.

§

If, however, an hydroxyk group be also present as a substituent,

then the production of colour and the formation of a dye become
possible : o-nitrophenol is coloured, ^-nitrophenol is colourless : neither

of them, however, is a dye : a colouring matter is only produced on

the introduction of two further nitro- groups. Curiously enough,

however, the last compound, picric acid, is only faintly coloured in

the pure solid form.

Some years ago Armstrong
1|
suggested as an explanation of these

phenomena that the nitrophenols possess a quinoid structure in their

coloured forms, e.g. :

•/OH ^0
CoHa C6H4 ^ x>0

\N02 "^N^
\0H

Colourless form. Quinoid coloured form.

A Hantzsch ^ has succeeded in establishing the accuracy of this

* Ber., 41, 2580 (1908). f Kehrmann, Ber., 44, 2632 (1911).

X E. R. Watson, Proc. Chem. Soc,, 29, 348 (1913). Trans. Ghem. Soc, 105,

759 (1914). Colour in Rdation to Chemical Constitution, p. 83.

§ Ber., 39, 1096 (1906). ||
Proc. Chem. Soc, 1902, p. 101.

"il
A. Hantzsch and H. Gorke, Ber., 89, 1073 (1906).
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assumption in the case of the nitrophenol ethers, and it is probable

that both forms of nitrojahenol itself will be isolated before long.

The advantages offered by this hypothesis may be seen from the

following example : the older view that a chromophore can cause

colour by itself would lead one to expect that the subsequent addition

of further chromophores should cause an increase in the colour. This,

however, is not always the case : thus o-nitrophenol is yellow, 1:2:4-

dinitrophenol, on the contrary, is colourless. If it be assumed that

the production of colour is due to a transformation in which both

chromophores and auxochromes are concerned it then becomes in-

telligible that the tendency to undergo such changes may in some
cases be increased by the introduction of further chromophoric groups,

whilst in other cases it may be decreased.*

The auxochrome theory outlined above is not, however, altogether

satisfactory. Certain difficulties are encountered even in the case of

compounds which can behave tautomerically, and where the trans-

formation of the colourless into the coloured form is explicable by a

constitutional change (tautomerism)—in particular the change from

benzenoid to quinoid. Cases where a change of constitution is hardly

possible also offer obvious difficulties.

Efforts have been made to develop the auxochrome theory with

the aid of physical methods, and by means of optical (spectroscopic)

observations in particular, a further series of relationships have been

discovered.

A very interesting series of facts which appear to bear some relation

to the problem of the origin of colour have been discovered by Hugo
Kaufmann.f He assumes that in different benzene derivatives the

benzene ring occurs in various forms, which possess different but

well-defined properties. When the vapours of aromatic compounds
are subjected to Tesla currents, a number of them become luminous

even at atmospheric pressure, whereas ordinarily the energy of the

current is transformed into light only when the vapours are in a very

attenuated condition. Kaufmann has established the existence of a

highly interesting relationship ; he finds that the property of becoming

luminous is possessed by the vapours of such benzene derivatives

as have a tendency to pass into a quinone-like state of linking in the

benzene ring. This condition he terms the " x-condition." Bodies

of this class are also in general more easily oxidized. Benzene itself

is nearly non-luminous, whilst naphthalene and other hydrocarbons

having several directly connected benzene nuclei are luminous. The
luminosity is also greater in the case of 'para compounds than with

ortho and tneia derivatives. Acetyl groups and negative groups (NO2
in particular) exert an inhibiting effect, and also diminish the ease

of oxidation. Coloured benzene derivatives are non-luminous ; leuco

compounds of dyes (so far as these have been investigated) are lumin-

ous, e.g. leuco-malachite green.

Indeed, the fact that coloured compounds occur almost exclusively

in the aromatic series points to the conclusion that the mother sub-

stance, benzene itself, must take part in the production of colour,

* Cf. Hantzsch, I.e. t ^er., 33, 1725 (1900).
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and it appears by no means impossible that the arrangement of the

bonds in the benzene nuclei may vary according to the nature of the

substituents. Auxochromes would of course tend towards the pro-

duction of that molecular configuration which is correlated with a

deepening of colour.*

Further, the relative positions of the auxochromes to one another

will influence the result, as Kaufmann—to whom we are indebted

for detailed researches in this field—has shown in his " Auxochrome
Distribution Law." f

In addition it is possible that the unsaturated character of the

auxochromes and chromophores may play a part in the production

of colour, and Thiele's theory of partial valencies f can also serve to

explain certain phenomena.
Thiele assumes that in the case of so-called " conjugated double

bonds " : 12 3 4

-C=C-C=C-

the partial valencies of atoms 2 and 3 neutralize one another and in

consequence only the jjartial valencies belonging to atoms 1 and 4

remain available, corresponding to the formula :

12 3 4

-c=c-c=c- •

This assumption affords a satisfactory explanation of the additional

reactions shown by bodies containing conjugated double bonds ; and
since in quinone itself there are four pairs of such bonds, as may be

readily seen from its formula :

/CH=CH\
o=c( )c-o

this theory offers a satisfactory explanation of the very numerous
reactions which this substance can be made to undergo and which

are of great importance in the chemistry of dyes.

It is also possible that partial valencies and subsidiary valencies

may explain to some extent the phenomena of " Chromoisomerism "

(i.e. the occurrence of a substance in differently coloured forms),

and " Pantochromism " (i.e. the fact that certain colourless or faintly

coloured acids are capable of forming salts of many different colours

with various metals having colourless ions).§

The following facts must also be cited in order to complete the

review of the theories of coloured compounds : if, in accordance with

the theory developed above, the production of colour is to be regarded

as being due to the transformation of a benzenoid into a quinoid con-

figuration, then a completely quinoid {holoquinoid) derivative should

* Kaufmann, Ber., 33, 1725 (1900); 34, 682 (1901); 35, 3(508 (1902).

t Ber., 39, 2722 (1906). J Ann., 306, 87.

§ Hantzsch, B^r., 42, 966, 986, 1000, 1007 (1909).
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possess the deepest colour. But quinone itself is only faintly yellow

coloured, as also is quinoneimine, 0==C6H4= 0, and HN=C6H4=NH,
whilst quinhydrones, on the contrary, are often very highly coloured.

Thus Willstatter * has shown that the so-called Wurster\s Red, obtained

by. oxidizing dimethyl-^-phenylenediamine, is not holoquinoid as

was previously assumed :

HN=C6H4=N(CH3)2
I

CI

but is half quinoid (menquinoid), and is therefore a quinhydrone. In

this case, therefor^, the /^oZoquinoid substance is less coloured than

the menquinoid form.

Willstatter endeavours to explain the deep colour of such compounds
by the simultaneous presence of quinoid and hydroquinoid compounds
which, in the cases of Wurster's Red and ordinary quinhydrone, are

united to one another by their partial valencies :

OH

A
OH

Hydroquinone
(colourless).

NH2

N(CH3)2
Dimethyl-p-phenylene-

diamine (colourless).

o
IIA
U

II

o
Quinone
(yellow).

NH
I!

N(CH3)2C1
Dimethylquinone-
diimine (yellow).

II

OH
I

\/\/
II

OH
Quinhydrone

(deeply coloured).

NH NH2
II I

\/ \/
C1-N(CH3)2 N(CH3)2

Wurster's Red
(deeply coloured).

The strength of the union due to these partial valencies varies from
case to case ; ordinary quinhydrone, for example, dissociates readily,

Wurster's Red is somewhat more stable.

These partially quinoid compounds are, as already noted, termed
menquinoid. Whether such meriquinoid compounds also occur in

the case of the actual dyes themselves, which are usually regarded

as being purely quinoid, must remain an open question for the time

being, although in certain cases such as Magenta, this hypothesis

affords a satisfactory explanation of the colour, which on this assump-

tion would be due to the interaction of the quinoid and benzenoid

nuclei upon one another, and which would be united not only by the

partial valencies but also by the central x^arbon atom in consequence

of which the deep colour would be stable.

* Willstatter and Picard, Ber., 41, 1465 (1908). Kehrmann, Ber., 41, 2340
(1908).
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Which of the three nuclei becomes quinoid cannot, of course,

be stated, but it is possible that in this case a state of vibration of

the molecule—the so-called Isorropesis *—might come into play. In

many cases the production of coloured bodies only takes place on

salt formation : thus the faintly coloured nitrophenols yield red alkali

salts ; colourless phenolphthalein also forms a deep red sodium salt

;

the colours of the Rosolic acid dyes and of the hydroxyphthaleins
(e.g. Fluorescein) are greatly enhanced on salt formation with alkalis.

Alizarin, a yellow substance, yields a deeply coloured violet alkaline

solution. Another very characteristic fact is that the colour bases

of many basic dyes, such as Rosaniline, Malachite Green, Crystal

Violet, etc., which are themselves colourless in a pfire state, or almost

so, form intensely coloured salts.

The cause of the increase in colour is frequently due to a change

in molecular configuration, as already noted, from benzenoid to quinoid

as in the case of phenolphthalein, or in the formation of salts from
basic triphenylcarbinol derivatives ; other influences may, however,

also be at work. On occasion the alteration in colour may occur

without any intramolecular transformation ; it may be due simply

to the bathochromic or hypsochromic action of salt formation : this

may perhaps be the case, e.g. with the transformation of hydroxyazo-

benzene into its sodium salt f in which a deepening of colour takes

place without a change of structure :

HO-CeHi-N-N-CeHs NaO-CcHi-N^N-CcHs

the salt formation having a bathochromic effect.

In other cases salt formation may have a hypsochromic action :

thus the salts of certain coloured amino compounds are colourless,

the transformation :

R\ R\
;nh+HX —> ;nh . hx

R'/ W/

therefore diminishing the colour. The three nitranilines afford an
example of this, being strongly yellow coloured whilst their salts are

colourless ; the auxochromifc influences of the amino groups is there-

fore removed by salt formation.

A still more curious case is seen with Rhodamine : this dye dissolves

in water as an oxonium salt with a deep red colour, the dimethylamino
groups acting as auxochromes ; if, however, the Rhodamine be dis-

solved in strong sulphuric acid these groups also take part in salt

formation ; their auxochromic character is thus completely removed
and the faint green fluorescent coloration of the non-aminated mother
substance, Fluorane, is observed.

There are yet other cases where salt formation varies according

to conditions, as in the case of aminoazo compounds : thus amino-

* Stewart and Baly, Trans. Chem. Soc, 89, 489 (1906).

t Auwers, J.nn., 360, 11.
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azobenzene can yield either an orange yellow salt having an analogous

constitution to azobenzene, i.e. an azoid constitution :

C3H5 .N=N -CeHi-NHi . HCl

or a violet quinoid salt :

CeHs .NH . N-C3Hi=NH . HCl

In a similar manner it is possible that Halochromism, i.e. the

formation of coloured solutions of triphenylcarbinols in cone, sul-

phuric acid, may also be due to the production of quinoid products

corresponding to the constitution :

whilst A. V. Baeyer considers this to be due to the activity of a certain

" carbonium " valency for which he has introduced a special mode
of formulation :

(C6H5)3C SO4H

According to his. views the colour is due to a process of dissociation.

Halochromism is exhibited by dibenzalacetone and similar sub-

stances as well as b}' numerous compounds of the triphenylcarbinol

series *

Occasionally the alteration in colour due to salt formation with

certain metals is to be attributed to the formation of complex internal

salts : this will be discussed further in connection with mordant dyes.

It has already been noted that partial and subsidiary valencies

may be concerned in the production of colour, and it may be pointed

out here that the formation of coloured double compounds of certain

amines and polynitro derivatives may also be ascribed to the activity

of the subsidiary valencies.

Undoubtedly, however, the majority of cases of colour production

on salt formation are to be regarded as due to intramolecular changes,

i.e. to a change in constitution, and we shall have occasion to discuss

this matter in greater detail when considering the different classes

of dyes such as the triphenylmethane dyes, phthaleins, etc.

Similar relationships may be found in other groups of dyes, but

in many cases no attempt has been made to construct quinoid formulae

for them : for example, amongst the anthraquinone dyes there are many
circumstances which point to Alizarin being capable of existing in

two forms :

Alizarin.

OH /\/C(OH)^/\

G^X/

-OH

\/.\ CO /\/
Ordinary form. Quinoid form.

* A. V. Baeyer and Villiger, Ber 34, 2G79 (1901); 35, 1190, 3013 (1902);

36, 2774 (1902); 38, 582 (1905).
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Such formulae were suggested some years ago by A. G. Perkin but

did not arouse much interest.

It is possible that the dependence of the colour of certain dyes

of this class upon the position of the auxochromes may be explained,

to some extent, by assuming that the different d3^es do not all possess

the same quinoid arrangement of linkages.

Bearing in mind the fact that hydroxyl groups in the a-position

produce a red colour, or a yellow colour when in the jS-position,* then

we must regard those dj^es in which the influence of an a-hydroxyl

is strongest as being ortho-quinoid, whilst those in which the colour

is chiefly due to an hydroxyl in the jS-position must be looked upon

as ^ara-quinoid. Thus Anthragallol, for instance, which only yields

yellowish-brown shades although possessing two hydroxyls in the

same position as Alizarin (yielding red shades) must be regarded as

a ^ara-quinoid body :

O OH OH

/C(OHK

\ CO /\/
Alizarin.

/\/ CO
-OH /\^^^^^^S^^-OH (^ V ^^ V VO

or

\/'\ CO /\/=^ \/\C(OH)/^\/~^^
Anthragallol I.f Anthragallol II.

Or again the very pronounced diffbrences in dyeing shown by
Quinizarin and its leuco compound may also be explained by the

assumption of different quinoid linkings in the two substances :

/\/C(OH).x/\

CO

OH
Quinizarin (quinoid form) yields

only feeble blue shades on a
chrome mordant.

OH
/C(OH)^A

'\C(OH)^\X

OH
Leucoquinizarin (quinoid form)

yields full brown shades on
chronie mordants.

The foregoing condensed resume will suffice to show that the present

state of our knowledge is insufficient to give us a complete explanation

of the relationships between colour and constitution. The assumption

that the coloured compounds possess a quinoid structure is very simple

but also very one-sided : as recent investigations have shown, other

factors also <!ome into play, such as the arrangement of the linkages

in the parent hydrocarbon, the relative positions of the chromophoric

and auxochromic groups, subsidiary, and partial valencies. In short,

the whole problem of colour now appears to be far more complex than

chemists were at first willing to believe : once again we find that the

* V. Georgievics, Zeitscnr. . Farben- und Textilchemie, I. 627.

t As an argument for the first formula, it may be mentioned that Anthragallol

can be readily split up at position 3 (M. Bamberger and A. Praetorius, M. f.

Ch., 23, 688).
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laws of nature are not of that simple character which we could so

much desire.

At the same time the knowledge which has already been gained

often allows us not only to predict whether a substance will be

coloured, but in many cases we can even estimate with considerable

accuracy whjat the exact colour will be. The importance of these

facts for the investigation of dyes, whether purely scientific or practical,

does not need emphasizing.
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Compounds of the Dyes with Mordants.

Mordants may be defined as various metallic salts the oxides

corresponding to which form insoluble, very stable coloured com-
pounds with dyes, the so-called " Lakes.''

The nature of these coloured lakes is still largely unexplained :

by some they are regarded as ordinary salts, a view that is, however,

difficult to maintain having regard to their stability with acids. The
compounds of alizarin with potash, soda, lime, etc., are decomposed
in the cold by acetic acid, they behave in fact as ordinary salts, as

also does aluminium alizarate : yet the colour lakes produced on the

fibre from alizarine and alumina or lime are compounds which are

very stable to acids.

The connection between the constitution of a dye and its ability

to form lakes with mordants has been only very partialh' elucidated,

in spite of the great wealth of experimental material available.

The chief causes of this lake formation are the hydroxyl group,

and to a lesser degree the carboxyl group.

The strongly acid sulphonic group cannot by itself cause the forma-

tion of mordant dyes, a further proof that colour lakes are not to be

regarded as ordinary salts : if, however, sulphonic groups are intro-

duced into hydroxylated compounds which possess lake-forming

properties, it is frequently found that there is a marked increase in

the mordanting properties, such as has been shown by v. Georgevics

to be the case for the hydroxyanthraquinones.*

In other cases, however, it sometimes exerts just the opposite effect,

particularly when the group occurs several times in the molecule of

a mordant dye.

Mordant dyes containing sulphonic groups are as a rule less readily

applicable to cotton, but there are quite a number of such dyes which
are much used for cotton, especially for printing, e.g. Delphin Blue,

Phenocyanin, Brilliant Alizarin Blue, Alizarin Viridinc, etc.

* Zc.itsch. J. Textil- and Farbenchemie, TV. 189.
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The majority of mordant dyes owe their special properties to the

presence of hydroxy! groups, and it was for long believed that the

presence of at least two hydroxyl groups, in the ortho position to each

other in the molecule, was an essential condition for the formation

of mordant colours.

This rule still holds good to a certain extent, in that all dyes which
possess two orf^o-hydroxyl groups exhibit mordant dyeing properties *

(see also Anthraquinone dyes).

Further, it has been shown that dyes containing^ only one hydroxyl

group may have mordant-dyeing properties when a carboxyl, nitroso,

azo or imino group is present in the molecule in an ortho position

to the hydroxyl.

Other groups than —OH can also produce mordant-dyeing proper-

ties, such as nitro, amino, and alphylamino groups, as shown by the

following examples :

OH OH OHOH OH NHi OH

\/^coA/

Chrysazin.

v^coA/ \Aco
OH
Anthrarufin.

Both yield only very faint dyeings

on mordanted materials.

NO2 NO2
Dyes chromed wool

a full blue.
[(D.R.P. 98639 (By.).]

/Vco

\/\:o
OH NH2
Dyes chromed wool

an intense blue-

violet.

[D.R.P. 81694 (By.).]

Since amino groups can also bring about the production of mordant-

dyeing properties, as is shown by the above examples extracted from
the Patent literature, this must be regarded as a further proof of the

necessity for ascribing a quinoid constitution to the dyes, since the

behaviour of such dyes can only be explained by this means. The
quinoid formula for aminoanthraquinone would be, for example :

NH
/\/C(OH)^

V/\ CO /\y

Noelting has shown that those dyes which possess an hydroxyl

group and an amino group next to each other also possess mordant-
dyeing powers. This property is shown very strongly in the anthra-

quinone series, and also, but to a lesser degree, in the para series. It

is worthy of note that aminohydroxy compounds yield deep shades

on copper mordants.

f

The power possessed by 1:4:5: 8-tetraalphylaminoanthraquinone

* Even this rule, however, is not universally true as some dyes, which are strong

mordant dyes owing to the presence of two or</io-hydroxyl groups, lose their special

mordant-dyeing properties on the introduction of further substituents.

t E. Noelting, Chem. Ztg., 1910, 977.
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of affording mordanted dyeings is of particular interest (D.R.P. 127458)

_NH . Alphyl. NHNH . Alphyl. NH . Alphyl.—
I

I

co/\/
I I

NH . Alphyl. NH . Alphyl.

since this substance contains no hydroxy! groups whatever, and until

comparatively recently it was always assumed that a mordant dye

must of necessity contain hydroxyl groups.*

Curiously enough the corresponding tetrahydroxyanthraquinone

has an affinity only for a beryllium mordant, with which it yields an

intense blue lake : other mordants are unaffected,
"f
which is all the

more remarkable as l:4-dihydroxyanthraquinone gives deep shades

with many mordants : this example is very instructive, since it shows

that in certain circumstances hydroxyl groups may diminish the

mordant-dyeing powers of other hydroxyl groups which are already

in the molecule.

It appears, therefore, that certain coloured substances have a selec-

tive affinity for definite metallic oxides and can only form coloured

lakes with these. This view has been confirmed by the researches

of Werner, who showed that certain quite colourless bodies are capable

of dyeing on definite mordants : thus the colourless dimethylglyoxime,

which is, however, an aliphatic substance :

CH3—C——C—CH3
II II

NOH NOH

yields an intense red colour on a nickel mordant. In this case lake

formation depends upon the production of a complex internal metallic

salt to which the following formula may be ascribed (assuming that

the subsidiary valencies take part in the formation of the compound) % :

R-C=N N=C-R
\ /

O
\ /
Me

C=NOH HON=C-R
Werner has therefore come to the conclusion that mordant dyes

are characterized by the possession of a salt-forming group and a

group which can form a co-ordinated compound with a metallic atom,

in such relative positions that an internal complex metallic salt can

be produced. Such complex salts are produced with especial ease

* Other examples of such dyes may be found, e.g. in D.R.P. 126393, 138542,

138780; E.P. 10316/00, etc.

t V. Georgievics, Zeitsch. f. Farben- und Textilchemie, IV. 188.

% Tschugaeff, Ber., 38, 2520 (1905).
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if the requisite conditions are present for the formation of a five- or
six-membered ring.*

The red basic aluminium salt of alizarin may accordingly be
formulated thus f :

\/\/V^OH
II !

o o

A1(0H)2

Grandmougin was able to show a few years ago that such complex
salts are actually present on the fibre. He showed that various lake

dyeings are not decomposed by acids and that a colour lake when
abstracted from the fibre may show a quite different spectrum to that

of the original dye.f

It must also be remembered in considering the production of

mordanted dyeings that we cannot disregard the part played by the

fibre which bears the mordant : it is therefore a matter of some
importance whether the dj-eing is carried out upon vegetable or

animal fibres. Further, we must note that by the introduction of

more delicate reagents, in particular by the use of rare metals as

mordants which cannot be used in commerce, the significance of the

term mordant dye has been greatly extended.

One fact that makes the study of the mordant-dyeing powers of

a colour especially difficult is that here, as with so many other properties,

there is often no sudden change in behaviour from one substance to

another, but only a gradual transition, so that with many substances,

e.g. with many hydroxyanthraquinones, it is often impossible to

decide whether they should be classed as mordant dyes or not.

Physiological Action of Dyes.

In the early da3^s of coal-tar colour manufacture all the artificial

organic dyes were considered to be poisonous, a view which had a

certain justification in that most of them were triphcnylmcthane

colours which contained a certain amount of arsenic acid owing to

their method of production. Later, when these dj^es were placed

on the market completely free from arsenic, people went to the other

extreme and assumed that not only the triphenylmethane dyes but
all dyes obtained from coal-tar were non-poisonous, until it was shown
that in certain cases, such as the nitro dyes, the coal-tar colours them-
selves might be toxic : thus Victoria Orange is a strong poison, and
Aurantia was found to have so pronounced a poisonous action on
the skin that its use had to be dispensed with. Later a number of

colours were found to be poisonous, notably Aurine, Orange II,

* Ber., 41, 1062 (1908).

t Cf. Pfeiffer, Ber., 44, 2G53 (1911). J Chem. Zlg., 1910, 950.
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Safranine and Metanil Yellow ; others such as Martins Yellow, Fast

Yellow, Methyl Orange, Magenta and Acridine Red were also found

to be dangerous to a certain extent, as it was shown that small quan-

tities of these substances were capable of causing serious digestive

troubles.

Although statements as to the poisonous character of coal-tar

dyes are sometimes found to be contradictory, it must be admitted

that a far larger number of coal-tar dyes have been found to possess

undesirable physiological action, when introduced into the organism,

than was previously assumed to be the case, so that nowadays most
civilized countries allow only those dyes which are known to be in- •

nocuous to be used for colouring foodstuffs and condiments. It may
be noted here that many coal-tar dj'es come into commerce in the

form of zinc-chloride double salts (e.g. Methylene Blue, Malachite J*

Green), so that these colours may have a poisonous action on account'

of their zinc content.

The physiological activity of certain dyes has led to their being

used as remedies. Methyl Violet and Auramine, under the name of

Blue and Yellow Pyoktanine, have been used in ophthalmic surgery

as antiseptic agents for preventing suppuration, and in general surgery

for inhibiting the formation of malignant growths : their use has,

however, been given up owing to various unpleasant secondary effects.

Methylene Blue (the free base) is chiefly used for internal applica-

tion as an analgetic agent ; owing to its ability to infiltrate

rapidly into the tissue of the nervous system it has also been used

as an injection : it has been used for the treatment of malaria,

cancer, Bright's disease (a kidney disease), . and in those cases of

dysentery due to the presence of amoebae.

Owing to the urgent demands for powerful antiseptics to sterilize

the very septic wounds received during the recent war, a number of

coal-tar dyes were examined as to their physiological and bactericidal

action. Malachite Green, Brilliant Green, Crystal Violet, Ethyl Violet

and Acrifiavine were specially investigated, and of these Brilliant

Green and Acrifiavine were submitted to clinical trial and proved

satisfactory. Acrifiavine in particular was found to have remarkable

antiseptic powers. It is 3:6-diaminomethylacridinium chloride, and
was also known as Trypafiavine. The non-methylated compound,
3:6-diaminoacridine sulphate, which is cheaper and easier to prepare,

was found to be practically as efficient and is known as Profiavine.*

Safranine, Lydine (Mauvein), Vesuvine, Aniline Blue, Carbol-

fuchsine. Alizarine Yellow C (Gallacetophenone), etc., have been tried

as remedies or antiseptics. The potassium salt of dinitro-o-cresol

has been placed on the market by the Farbwerke vorm. Fr. Bayer
under the name of " Antinonnin," and has found considerable use as a

preventive of moulds in cellars, mildewed walls, and dry rot in timber.

Many dyes, particularly those which possess fluorescent properties

such as Fluorescein and its derivatives and various acridine dyes, can

produce so-called " photodynamic " actions in the animal organism :

that is to say animals which have been injected with these dyes show
* Ann. Rep. on Progress of Applied Chemistry, vol. ii. p. 477 (1917).
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different phenomena according to whether they are kept in the dark
or exposed to light.* They have similar and injurious action upon
bacteria,f

According to Icard, Fluorescein is the most suitable reagent for

establishing the condition of death in a human being in doubtful
cases : on injecting subcutaneously an alkaline solution of fluorescein

into a still living human body the latter takes on a yellowish-green

coloration in the course of a few minutes : if, however, the circulation

has already completely ceased this phenomenon does not occur.

According to the verdicts of various scientists this reaction may
be regarded as being more trustworthy than any other method for

diagnosis of death.

Finally we may also mention that many mineral colours such as

vermilion, lead, copper, zinc and barium colours are poisonous.

?)
Application of Dyes.

»- Dyes may be used for many other purposes than dyeing and print-

ing textiles (though these of course constitute their chief uses), such
as the colouring of paper, straw, wood, grasses, flowers, leather, feathers,

hair, fats, waxes, soaps, inks, fruit juices, liqueurs, condiments (jams,

macaroni, etc.) and varnishes : further, in the production of lakes for

coloured papers, wall-papers, lithography and decorating.

In analytical chemistry many dyes are used as indicators, such as

Methyl Orange, Congo Red, Phenolphthalein,, Lacmoid, etc.

Various nitro dyes such as picric acid (or picrates), trinitrocresols,

nitronaphthols, hexanitrodiphenylamine (Aurantia), etc., are used as

explosives or for the production of smokeless powders.

Dyes are frequently used in histology and bacteriology for staining

microscopical preparations, Methylene Blue being perhaps one of the

most important.

In photography various dyes are used for sensitizing photographic
plates in the manufacture of " orthochromatic plates." The following

dyes are especially used in this connection : Cyanine, Quinoline Red,
Eosine, Magdala Red, Coralline, Aldehyde Green, etc.

Finally, colouring matters have been made use of for geographical

investigations on account of their great tinctorial powers. Thus in

1877 Durand, of Basle, made use of Fluorescein in the form of its

fluorescent alkaline solution to determine whether any connection

existed between the Rhine (i.e. Lake Constance) and the Danube.

J

The use of dyes as antiseptics and as remedies has already been
noted.

* A. Jodlbauer and Busek, C.C., 1905, II. 1737 ; Jodlbauer and Salvendi, ibid.,

1810.

t Huber, C.C., 1906, I. 148.

X An alkaline solution of 10 kg. Fluorescein was poured into the Danube
between MOhringen and Immendingen : after some sixty hours e^ noticeable

fluorescence was seen in the water of the Ach, a small stream flowing into Lake
Constance, which lasted about thirty-six hours.



COAL-TAR

On submitting wood, peat, lignite, coal, etc., to destructive distillation

there is obtained, in addition to combustible gas, an oily distillate,

deeply coloured by finely divided carbon, which is known by the name
of Tar.

This is a product of extremely complex composition, the con-

stituents being in part present in the raw material, and partly formed

during distillation. It is a well-known fact that organic bodies of

simple' composition tend to condense to more complex forms at high

temperatures, and conversely that others of complex constitution are

split up, under the same conditions, into simpler forms.

In this manner aromatic compounds can be formed from bodies

of the fatty series and vice versa, the course of such pyrogenic reactions

depending on the temperature, pressure, duration of heating and,

above all, the nature of the substances employed. Consequently the

body known as tar is of very variable comjposition, and substances

rich in hydrogen and oxygen, like wood, peat and lignite, will furnish

tar very different in composition to that yielded by coal, which is

rich in carbon and poor in hydrogen ; in the former case members of

the fatty series will predominate, whilst in the latter more aromatic

compounds are formed on distillation. As the aromatic bodies alone

can be utilized in the manufacture of dyes, it follows that coal-tar

is the most suitable material for that purpose, and therefore will be

the only class of tar considered here.

As far back as the seventeenth centJ^iry the fact that coal furnishes

tar on distillation was observed by Joachim Becher ; and the presence

of combustible gases was afterwards detected. This discovery remained

unnoticed for a long time, and it was only at the end of the eighteenth

century that attempts were made to produce ilhiminating gas by
distilling coal. This gave rise to the gas industr}^, the foundation

of which is generally attributed to William Murdoch ; but the actual

application of gas to lighting purposes was first carried out later by
Winzler, after overcoming numerous obstacles.

After a portion of London had been lighted with gas in 1814, the

manufacture of illuminating gas quickly spread on the Continent,

the by-product—tar—being however neglected ; in fact it was regarded

as a nuisance, and was only used for subsidiary purposes, as fuel,

paint, etc. ; and only towards the middle of the nineteenth century

did it begin to receive a larger share of attention.

Runge had shown the presence of aniline (" Kyanol "), quinoline.
26
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and phenol in coal-tar, but the chief impulse in the direction of the

technical investigation of tar was given by Hofmann, who in 1845
detected the presence of benzene in it ; and soon afterwards his pupil,

Mansfield, elaborated a process for the recovery of the benzene on
a manufacturing scale. The process, however, did not attain any
great importance until the discovery of the first artificial dyes, Mauvein
(1856) and Fuchsine (1859), both of which were prepared from benzene.

A commencement was now made at the fractional distillation of the

tar, and a number of substances were isolated therefrom : benzene
homologues, phenols, naphthalene and anthracene, which were soon
utilized as the raw material for the production of a series of valuable

dyes.

Notwithstanding the present great expansion of the dye industry

the production of tar is never attempted as a special branch of manu-
facture, sufficient being obtained as a by-product from gas works
and coke-ovens. The yield varies from 3'5 to 6 per cent, of the weight

of coal distilled.

In modern coke-oven practice the older " bee-hive " ovens in which
the distillates were simply burned away are being replaced by modern
enclosed by-product recovery ovens in which the tar produced is saved.

This rational method of treating coal in enclosed coke-ovens (Otto,

Hiissener, Koppers, etc.) has been developed in Germany to so great

an extent that in 1910 coke-ovens produced more than 600,000 tons

of tar whilst gas-works produced only 300,000 tons. Since then the

total production of coal-tar in Germany has risen to more than 1,000,000

tons per annum. In addition to tar about 300,000 tons of ammonium
sulphate is also produced. Since 1887, owing to the efforts of Brunck,
benzene has been extracted from coke-oven gas : the gases are washed
with heavy oils and the benzene so extracted is separated by distilla-

tion. The German production amounts to more than 80,000 tons

per annum, a figure, however, which could be considerably increased.

Those portions of tar which are not distilled are utilized either as

fuel, for the production of gas, for the preparation of soot, for painting

wood, brickwork, waterproof roofing paper, metal, etc., and in agri-

culture for disinfection againsl^ vermin, etc.

Of the total amount of substances produced from coal-tar (dyes,

drugs, etc.) about two-thirds were made in Germany and the remainder
in Switzerland, England, and France.*

The value of dyes produced during 1912 was estimated at about
£15,000,000.

The Formation of Coal-Tar.

The earliest researches to afford a clue as to the manner in which
coal-tar is formed were those of Berthelot,^ who passed the vapours
of hydrocarbons through red-hot tubes and was able to show that

by this means aromatic hydrocarbons could be produced from the

simpler compounds of the aliphatic series by splitting off hydrogen

* These are, of course, pre-war figures.

t Berthelot, Ann. Chem. Phys. (iii), 67, 53 (1863); (iv), 9, 413, 465 (1866):
(iv), 12, 6, 122 (1867); (iv), 16, 143, 148, 153, 162 (1869).
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and subsequent polymerization, and conversely it was found that

aromatic hydrocarbons could be split up again into simpler hydro-

carbons by the same means. Thus :

Methane may be converted into propylene, benzene and naphthalene.

Acetylene may be converted into hydrogen, ethane, ethylene, benzene,

styrolene, and naphthalene.

Benzene and ethylene can be converted into styrolene, naphthalene,

anthracene, etc.

The facts, therefore, gave an insight into the general manner in

which coal-tar hydrocarbons may be formed.

Berthelot laid special emphasis upon the part played by acetylene

in the process, and according to his theory benzene was formed by the

condensation of three molecules of acetylene, whilst further condensa-

tion led to the formation of styrolene, naphthalene, anthracene, and
so on.

The reactions were represented somewhat as follows :

CH
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But Bone and Coward proved that methane and not acetylene

is the most stable hydrocarbon at elevated temperatures,* which

agrees with the fact that ordinary town gas usually contains relatively

little ethylene, still less ethane, and practically no acetylene, although

the methane content may be as high as 35 per cent.

They therefore advanced the theory, which is now widely accepted,

that at the high temperatures which occur in coal distillation, coke-

ovens, etc., the primary distillation products of coal suffer the loss

of hydrogen together with a simultaneous loosening or dissolution

(according to the temperature) of the bond between the carbon atoms,

giving rise (in the event of dissolution) to residues such as : CH2 and

\ CH. These residues, which can only have a very fugitive separate

existence, may subsequently either (a) form H2C : CH2 or HC ; CH, as

the result of encounters with other similar residues ; or (6) break

down directly into carbon and hydrogen, or (c) be directly hydro-

genized to methane in an atmosphere of hydrogen.

All these possibilities may be realized simultaneously in the de-

composing gaseous medium in proportions dependent upon the pressure,

temperature, and amount of hydrogen present.

Further, {d) " condensations " of nascent molecules such as H2C : CH2
or HC \

CH in process of formation during the primary dehydrogenation

are also possible, especially where they are present in great concentra-

tion, so that aromatic nuclei might conceivably arise immediately

after the primary dehydrogenation.

The case for ethane may therefore be represented thus :

{{a) C2H4+H2
CH3-CH3 = [2(:CH2)+ H2] = \{h) 2C-f2H2+H2

I (c) plus H2=2CH4

{d) condensation to C6H6-fH2
for ethylene :

{{a) C2H2-fH2
CH2:CH2 - [2(:CH)+H2] = ^(6) C+H2+H2

I

[(c) plus 2H2=2CH4

{d) condensation to CeHe
and for acetylene :

{(a HC ' CH, or benzene

(6) 2C+H2
(c) plus 3H2-2CH4

Polymerization to CeHe

It will be seen, therefore, that although acetylene as such probably

does not play any considerable part in the synthesis of hydrocarbons

in the gas retort, yet the above theory of Bone and Coward, which

postulates the momentary existence at high temperatures of free

residues of : CH2, \ CH, etc., would explain many if not all of the pheno-

mena observed during the destructive distillation of coal.

* Bone and Coward, Trans. Chem. Soc, 93, 1197 (1908) ; Coal and its Scientific

Utilization (1918), pp. 140 et seq.
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This theory then would account satisfactorily for the production

of most of the components of coal-tar, but at the same time another

possible source must be referred to.

Pictet and Bouvier by distilling a quantity of coal at 450° C. under

15 mm. to 20 mm. pressure obtained several kilos of " Vacuum tar,"

which was found to consist largely of hydrocarbons of the naphthene

(C,iH2n) type;* one of them.'CoHis, being definitely identified as

hexahydromestilylene :

CHa

CH—CH2
CH2( )CH-CH3

CH—CH2
CH.3

whilst small quantities "of oxygenated compounds in the tar were

found to contain hexahydro-^-cresol, C7H14O, and related compounds.

Now D. T. Jones f showed that such hydroaromatic compounds
decompose on passing through heated tubes, forming noteworthy

amounts of aromatic substances ; cyclohexane for instance at 500° C.

yielding a liquid of which about 20 per cent, was benzene, whilst the

gas contained 26 per cent, of benzene and olefines.

Jones therefore concludes that ordinary coal-tar is formed from

coal at high temperatures chiefly as the result of the decomposition

of a tar previously formed at lower temperatures, the mechanism of

the process consisting essentially in the decomposition of the naph-

thenes, paraffins, and unsaturated hydrocarbons present in the low

temperature tar to form olefines which condense at higher temperatures

to aromatic substances, this being the chief source of benzene and its

homologues, but that to some extent they are also secondary products

formed by dehydrogenation of the corresponding naphthenes.

It should also be noted that Pictet and Ramseyer J have isolated

various hydrocarbons such as dihydrotoluene, dihydrometaxylene,

di- and hexahydrofluorenes, etc., from coal by the use of solvents
;

and it is highly probable that coal itself is aromatic in character to

some extent, so that a small portion, at all events, of the aromatic

coal-tar constituents are produced by direct decomposition of the

coal molecules.

Phenols are probably formed directly from the raw materials, whilst

the primary bases are produced from hydrocarbons or phenols and
ammonia § :

C6H6+NH3-C6H5.NH2+H2 ; C8H50H+NH3=C6H5NH2+H20

* Bone, Coal and its Scientific Utilization (1918), p. 112; Pictet and Bouvier,

C.r., 157, 1436 (1913); 160, 629 (1915); Ber., 48, 926 (1915).

t Trans. Chem. Soc, 107, 1582 (1915); J. Soc. Chem. Ind., 38, 3 (1917).

X Pictet and Ramseyer, Ber., 44, 2486 (1911) ; cf. Bone, Coal and its Scientific

Uses, p. 97.

§ Cf. J. P. Wibaut, Ber., 50, 641 (1917).
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Secondary bases are most likely formed from primary bases and

phenols or from the amines alone :

C6H5NH2+C6H5OH --= C6H5.NH.C6H5+H2O
Aniline. Phenol. Diphenjdamine.

or 2 C6H5NH2 = C6H5 . NH . C6H5+NH3

whilst further condensation may procfuce the stable carbazol

:

CeHsx C6H4\
)nh =

I )nh+H2

Quinoline may possibly be conceived as being formed from aniline

and allylene (or the corresponding " residues " of Bone and Coward) :

CH

1 + 1
^
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specific gravity ri to 12, and contains a large amount of free carbon,

the aromatic comj)ounds greatly predominate.

About one hundred and fifty compounds have been noted in it

with more or less certainty : all of them have not yet been fully

identified, and new substances are continually being recognized and

in some cases extracted on a technical scale. On distillation the chief

product is an oily liquid which forms 40-50 per cent, of the tar and
contains all the products which are of use for the colour industry :

these are as follows :
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The next fraction, which will not float upon water and has almost

the same specific gravity as the latter, is collected separately and is

known as Middle Oil. Its chief components are carbolic acid and
naphthalene : as soon as the last named begins to come over the

water in the condenser has to be kept warm lest the pipe should become
stopped up owing to the formation of crystalline masses of naphthalene.

This fraction distils over at about 150°-230° C.

The third fraction forms the Heavy Oil, consisting of distillates

which are heavier than water and therefore sink in it. It consists

for the greater part of naphthalene and other hydrocarbons, higl;^

boiling phenols, quinoline bases, etc. It is collected up to 270° C.

The last distillate, which is best obtained by operating in a vacuum,
is Anthracene Oil or Green Oil, so-called on account of its colour, which

contains the anthracene. The distillation is not carried out above

about 400°, since the later distillates contain only valueless substances

such as chrysene, pyrene, etc., and a small proportion of anthracene.*

It is advantageous to complete the process in a current of

steam by means of which the rate of distillation is increased, the

hydrocarbons are not therefore exposed for so long to high temperatures

and the bottom of the still is protected against burning.

The residue in the still is pitch, which is used for the preparation

of briquettes, asphalt, roofing-paper, varnish, japan varnish, etc.

Purification of the Products of Distillation.

After the preliminary separation of tar into four fractions these

are further purified bj^ repeated fractionation and washing with acids

and alkalies, and, in the case of crystalline substances, by means of

hot and cold pressing.

The fractional distillation is carried out in Savalle columns f similar

to the apparatus used in spirit manufacture.

The purpose of the treatment with acids (sulphuric acid) and alkalies

(soda lye) is to remove the pyridine and quinoline bases and other

basic substances, and the phenols : it is carried out in vertical iron

cylinders lined with lead and provided with stirring gear.

When naphthalene and anthracene have separated out in crystalline

form from their respective fractions by cooling, they may be freed

from the accompanying oils by means of pressing, which may be carried

out either in filter presses or in hydraulic presses with the aid of heat.

In orSer to obtain benzene, toluene, and xylene J in a pure state

from the light oils the latter are fractionated, washed with acids and

soda lye, and then refractionated with great care so that the benzene

* Anthracene has only a small value (S^d. to 6d. per kilo, pure), so that many
distiller& do not always recover it.

t Dingier, Polyt. Journ., 223, 615 (1877).

i It should be noted that in scientific literature the pure hydrocarbons

C5H5, C(jH5.CH3, and C^H4(CH3)2 are referred to as Benzene, Toluene, and Xylene

respectively, whilst in German the corresponding terms are Benzol, Toluol, and Xylol.

In this country it is customary to refer to the partially purified products as Benzol,

Toluol, and Xylol, but occasionally, though incorrectly, the pure products are referred

to in technical and commercial works as having the endings -ol, which is best

reserved for substances of phenolic character, e.g. phenol, resorcinol, etc.—F.A.M.
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and toluene are obtained in a state of great purity. The three xyfenes

are not, however, usually separated : frequently also the xylol (the

mixture of all three isomers) is not isolated but is sold, mixed with

other light-oil fractions boiling from 130° to 200° C, as Solvent Naphtha.

In commerce two chief varieties are met with, the first coming
over below 160°, and the latter from 160° to 190° C. Frequently also

it is unnecessary to effect a complete separation of benzene and toluene

.

(see Intermediate Products).

The " crude benzols " obtained in the preliminary fractionation

are mixtures of benzene, toluene, xylene, etc., and are known as
" 30 per cent.," " 50 per cent.," " 90 per cent." benzols according

to whether 30 per cent., 50 per cent, or 90 per cent, of the whole distils

over below 100° C.

The naphthalene which separates from the oils that distil over

at 180°-250° C. is first pressed cold, then warm, washed with lye and
acid, and finally distilled or sublimed.

Anthracene separates from the anthracene oil as a green oily mass
and is freed from the greater portion of the mother liquor by pressing :

it then contains 12-15 per cent. By a second hot-pressing a product

results containing about 30 per cent, anthracene : the latter is then

ground up and extracted with solvent naphtha, which removes im-

purities from the anthracene but dissolves only a trace of the latter,

which separates out again almost quantitatively on cooling. The
product containing 40 per cent, anthracene is not purified any further

but is delivered to the dye factories who work it up into anthraquinone

(see Alizarin). According to recent patents the crude 30-40 per cent,

anthracene may be washed with liquid sulphur dioxide or acetone

oils, the hydrocarbon remaining almost unattacked and yielding an
85-90 per cent, product.

Another very good solvent that is much used is pyridine : by
the use of this a 95-98 per cent, anthracene can be readily obtained

after a couple of washings.

In order to convert it into anthraquinone, anthracene must be

brought into a very finely divided condition which is accomplished

by subliming with steam.

Finally, phenols are isolated from tar distillates : of these Carbolic

acid is the most important : it is recovered from the so-called Creosote

Oils—which form the last runnings of the light oil and the first runnings

of the middle oil—by treatment with soda lye ; the hydrocarbons

are first removed from this mixture by heating, and hydrochloric

acid is then added, the crude carbolic acid being precipitated as an

oil. This is then fractionated and crystallized out by cooling. The
crystalline mass so obtained is then centrifuged and again fractionated.

In order to be independent of the market price of phenol, which

varies within wide limits owing to the fluctuating demands (e.g. for

explosives), various firms have undertaken the synthetic production

of carbolic acid * (p. 43).

* Owing to the immense demands for picric acid as a high explosive during

the recent war the manufacture of synthetic phenol on a large scale was under-

taken in all the belligerent countries, but at present it is not possible to give any
accurate figures as to the actual output, which was very considerable.

3
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In a similar manner the Cresols are separated and purified.

The higher phenols (Xylenols, etc.) are not purified further,

but have been in use for a considerable time in the crude form for

impregnating timber and as disinfectants.

Literature.

Further details may be studied in larger works such as :

G. Lunge, Coal Tar and Ammonia.
G. Schviltz, Die Chemie des Steinkohlenteers, vol. i. second edition.

Other Sources of Coal-Tar Crudes,

The great demand for benzene and toluene during the war for

the production of picric acid (lyddite) and trinitrotoluene (T.N.T.)

respectively, has led to a careful examination of other possible sources

of such raw materials or " crudes."

In the first place it has been shown that very considerable quan-

tities of these hydrocarbons can be recovered by " stripping " ordinary

illuminating gas, i.e. by passing such gas through scrubbers containing

a high-boiling oil such as green oil, which is then removed periodically

and the benzene and hydrocarbons distilled off.*

Another source has been found by " cracking " other hydrocarbons,

that is to say by passing their vapours over a highly heated surface.

This process has been used not only for the demethylation of the

higher benzenoid hydrocarbons contained in solvent naphtha,f as for

instance by passing through steel tubes heated to 750°-800° C. and
under 11 atm. pressure,^ but also from mineral oils containing chiefly

paraffins.

§

Attention has also been paid to the possibility either of synthesizing

toluene from benzene and methyl chloride by the Friedel-Crafts re-

action (use of AICI3 as a catalyst) or of forming it by demethylation

of the higher homologues by means of the same catalyst. It is also

possible to apply the same method for the demethylation of cymene,

which is obtainable in large quantities as a by-product of the sulphite-

cellulose process.

Borneo petroleum contains a considerable proportion of toluene,

and during the war large quantities of T.N.T, were obtained by the

Allies from this source, ,

Lignine- and lignone-sulphonic acids.—Lastly, attention may be

called to certain aromatic products, known as lignine- and lignone-

sulphonic acids, which can be obtained from the residues of the sulphite

cellulose process and are capable of forming dyes in a similar manner
to the coal-tar products. As the raw material is very cheap it is quite

possible that some use may be made of these substances in the future.^

* Cf. for instance W. G. Adams, J. Sac. Chem. Ind., 86, 331 (1917).

f Solvent naphtha is the term applied to the hydrocarbon fractions boiling

from about 130° to 200° C. and containing chiefly the xylenes and cumenes.

% Egloff and. Moore, J. Ind, Eng. Chem., 9, 40 (1917).

§ Rittmann and others, J. Soc. Chem. Ind., 35, 105, 169 (1916).

Tf E. Oman, E.P. 103479, 103480, 103822, etc.



INTERMEDIATE PRODUCTS FOR THE
MANUFACTURE OF DYES

[Dyes cannot be prepared direct from the various hydrocarbons obtained

by the distillation of tar, but these raw materials, or so-called " crudes,"

must first be converted into other compounds, such as amino deriva-

tives, phenols, sulphonic acids, etc. ; these substances are known
collectively as "Intermediate products," or "Intermediates." They
form a very large group of compounds, although on account of the

^ilow prices at which they must be produced only the cheaper ones

iare utilized.

Benzene Derivatives.

In the early days of coal-tar colour manufacture, benzene

arid its homologues were only imperfectly separated from one

another, and little attention was paid to the preparation of other

tar products in a state of purity. It was soon seen, however, that

the presence of impurities in the raw materials had a serious

influence upon nearly all the processes of dye manufacture, both

qualitatively and quantitatively, so that at the present time these

substances are produced in a high state of purity. This can be readily

achiev6d in the cases of benzene and toluene, but in the case of the

higher homologues difficulties have been encountered, which even

to-day have not been altogether overcome. These difficulties are

even greater in the case of the nitro and amino compounds of these

hydrocarbons, since in producing such derivatives several isomers

are always produced from the same parent hydrocarbon.

The two chief processes Jor preparing substitution products of the

hydrocarbons are (1) nitration, (2) sulphonation.

Generally speaking nitration is carried out by treatment with a

mixture of concentrated nitric acid and sulphuric acid, sulphonation

being effected by treatment with concentrated sulphuric acid (fuming

acid being used if required) at various temperatures.

Nitro Compounds.—Mono-, di-, or tri-nitro derivatives can be

produced by varying the quantities taken, and the temperature. As
a rule the second nitro group enters in the meto-position to the first :

thus benzene yields chiefly meto-dinitrobenzene, toluene giving the

1 : 2 : 4-dinitro compound (-|- some 1:2:6). Trinitro compounds
are made almost exclusively for use in the explosives industry, having

but slight importance for dye manufacture (e.g. Picric acid,

T.N.T., etc.).

36
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These operations are carried out in iron vessels fitted with stirring

gear. The nitration of benzene yields nitrobenzene :

CeHe+HNOa = C6H5NO2+H2O

which is used to some extent as such (for the production of Magenta,

as a solvent, etc.), but chiefly for the manufacture of aniline.

On nitrating toluene, all three theoretically possible nitrotoluenes

are formed, oriho- and ^jara-nitrotoluene preponderating, only very

small quantities of the meta derivative being produced. They are

generally separated nowadays, chiefly in order to obtain o-nitrotoluene

for the preparation of the valuable o-tolidine or o-toluidine. This

is carried out by distillation in vacuo and allowing the solid ^-nitro-

toluene to crj^stallize out, this substance being also an important

intermediate for certain dyes (Mikado dyes). According to the

Clayton Aniline Co., the separation can also be effected by treatment

with an alkaline sulphide, the ^-nitrotoluene being more readily reduced

to the corresponding amino compound than the ortlio derivative.

This method is, however, not utilized on a large scale.

The nitration of xylene is even more complicated, since in this

case still more isomeric nitro compounds are formed ; all three theo-

retically possible xylenes, C6H4(CH3)2, exist in tar in addition to ethyl-

benzene ; owing to the nearness of their boiling-points, they can only

be separated via their sulphonic acids, a process which is occasionallj'

carried out ; usually they are all nitrated together.

Nitro compounds as such are only utilized to a limited extent

in the manufacture of dyes. Their chief use is for the preparation

of the valuable amino derivatives corresponding to them (e.g. aniline,

O' and j3-toluidine, and the xylidines), which are among the most
important of the intermediate products.

Amines and Derivatives.—The nitro compounds are converted

into their corresponding amino derivatives by reduction with iron

turnings and hydrochloric acid, this being the technical modification

of Bechamp's reduction method by means of iron filings and acetic

acid. In this manner nitrobenzene is reduced to aniline, the most
important of all the intermediates and which has given the name
" Aniline Dyes " to the synthetic colours, which is not, however,

quite an accurate term, since a considerable number of dyes are pro-

duced from other raw materials. The reduction process may be

formulated thus :

C6H5N02-f3re+6HCl = C6H5NH2+3reCl2-|-2H20

In practice, however, much less hydrochloric acid is required for

the reduction, which is probably to be explained as follows : The iron

is first converted into reCl2 and then momentarily into FeCls, which
is then precipitated as ferric hydroxide by the aniline produced. The
aniline hydrochloride so formed now reacts with the iron in just the

same way as hydrochloric acid with formation of free aniline, FcCIe

and nascent hydrogen, which reduces further quantities of nitrobenzene.
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The reCl2 is then transformed into FeCIs, and then into ferric

hydroxide, the process thus going on continuously without requiring

further addition of hydrochloric acid. The iron is finally obtained as

ferroso-ferric hydroxide, and the aniline partly as a free base, partly

in combination with the hydrochloric acid.

If technical nitrotoluene, containing approximately 70 per cent.

ortho- and 30 per cent, ^ara-nitro derivative, be submitted to the

same treatment, a mixture of ortho- and jmra-toluidine is obtained,

the former being an almost colourless, highly refractive liquid, the

latter forming crystals melting at 45° C. The so-called " Aniline

Oil " or " Blue Oil " of commerce is pure aniline ;
" Aniline Oil for

Red " is a mixture of approximately molecular quantities of aniline,

o-toluidine, rather less _29-toluidine and some xylidine. It is, however,

hardly used nowadays, it being preferable to purchase pure aniline

oil (Blue Oil) and toluidine separately. " Aniline for Safranine
"

is the mixture of aniline and o-toluidine obtained as a distillate from

the Magenta melt, the so-called " echappes."

In " technical xylol " the chief component is the meta derivative,

2^)ara-xylene being present to a lesser extent, and or^/io-xylene only in

very small quantities. On nitrating and reducing this mixture " tech-

nical xylidine " is produced consisting of five isomeric xylidines (and

two aminoethylbenzenes). The chief constituents are asymmetric
CHg
/\

xvlidine : which is present to the extent of about 50 per cent.

;

CH3

NH2
CH

and the ^^ara-xylidine :

NHi
which constitutes about 20 per cent.

\/
They are chiefly used for the production of scarlet azo dyes, for

which purpose the asymmetric m-xylidine is specially suited ; it is

obtained by the crystallization of its acetate. Still more fiery azo

dyes can be obtained from i/z-cumidine, which can most conveniently

be prepared from j^-xylidine by means of the general method of Hof-

mann and Martius, in which the methyl group is first introduced into

the amino group and is then caused to enter the nucleus :

C6H3(CH3)2NH2-fCH3Cl = C6H3(CH3)2NH.CH3+HC1
p-Xylidine.

C6H3(CH3)2NH . CH3 . HCl = C6H2(CH3)3NH2 . HCl
Cuniidine hydrochloride.

On applying the process of reduction to dinitro compounds, diamines

are -obtained. Thus m-phenylenediamine is produced from m-dinitro-

benzene and toluylenediamine from 1 : 2 : 4-dinitrotoluene. Nitrated

amines likewise yield diamines on reduction, e.g. ^^-phenylenediamine

from 2)-nitraniline..
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Another method for the preparation of amines consists in splitting

azo compounds by means of zinc dust and acid ; thus o-toluidine

when treated with nitrous acid yields an azo compound of the following

constitution :

which on treatment with zinc dust and acid splits between the nitrogen

atoms as shown by the dotted line, a mixture of o-toluidine and p-

toluylenediamine being obtained ; such mixtures of bases are used

in the manufacture of Safranines.

This method of scission is used chiefly for the production of dia-

mines, but serves also for the preparation of amino derivatives of the

phenols, e.g. amino-salicylic acid, amino-naphthols, etc. The majority

of the amines mentioned above are utilized as such in the manufacture

of dyes; some of them, however, are further nitrated, sulphonated,

alkylated, etc. If aniline be dissolved in concentrated sulphuric acid

and then nitrated by means of concentrated nitric acid, with careful

cooling, approximately equal quantities of meto- and ^^ara-nitraniline

are produced together with a little or/Ao-nitraniline. A practically

pure ^J-nitraniline may be obtained by nitrating formanilide, acetanilide

or benzylideneaniline (C6H5N=CH— CeHs) in the cold, and then

splitting off the acyl or benzylidene group.*

At higher temperatures larger quantities of the ortho compound
are produced. Jfeto-nitraniline cannot be obtained alone by this

method and is prepared by the partial reduction of m-dinitrobenzene

by means of alkali sulphide.

The method of nitrating amines in concentrated sulphuric acid,

originally devised by Hiibner and Frerichs, has been carefully worked
out by Noelting and Collin, Whilst in the case of aniline, as already

mentioned, only about 50 per cent, of the meta nitro compound is

produced (besides para) the toluidines react smoothly on nitrating

by this method, yielding chiefly the corresponding meta derivatives
;

thus o-toluidine forms m-nitro-o-toluidine (1:2: 4), melting-point

107°, p-toluidine giving the isomeric comjoound of melting-point 77"5° C.

^-Nitro-amines are of special importance on account of the valuable

properties of the azo dyes produced by their aid, the chief being p-

nitraniline (see Paranitraniline Red).

On treating amines with concentrated sulphuric acid, various

sulphonic acids can be obtained according to the temperature and the

concentration of the acid used. Of the three theoretically possible .

sulphonic acids derived from aniline, the para compound, the so-called

* See P, Miiller, " Die Fabrikation des iJ-Nitranilins," Chem. Ztg., 24, 1055

(1912),
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sulphanilic acid, is the most important ; it may be produced by heating

aniline with sulphuric acid, or better, by heating acid aniline sulphate

(baking process) :

NH2 (1)

C6H5NH2+H2SO4 = CeHi +H2O
SO3H (4)

Sulphanilic acid.

Aniline-meto-sulphonic acid, termed metanilic acid, is obtained

by reducing the corresponding nitrobenzenesulphonic acid, which is

produced either by sulphonating nitrobenzene, or by nitrating benzene-

sulphonic acid. The toluidines and xylidines behave similarly. Their

sulphonic acids have, however, only been partially investigated.

On heating aniline with methyl alcohol and hydrochloric acid, or

sulphuric acid, the two hydrogen atoms of the amino group are

replaced by methyl, thus yielding the very important dimethylaniline,

C6H5N(CH3)2 ; diethylaniline is obtained in a similar manner. The
products, however, as actually obtained are mixtures of primary,

secondary, and tertiary amines which require separation.

Monomethylaniline may be obtained by reducing formaldehyde-

aniline, C6H5N:CH2, with zinc dust and alkali, the formaldehyde-

aniline being formed preferably during the course of the reaction.*

If a well-cooled solution of dimethylaniline in hydrochloric acid

be treated with nitrous acid, nitrosodimethylaniline hydrochloride

is produced, which is extensively used in dye manufacture :

CI . N(CH3)2
II

\/
II

N.OH

Nitrosodiethylaniline may be obtained in a similar way, as also the

nitroso derivatives of the dialkylaminophenols.

As is well known, secondary amines yield products of the nitros-

amine type ; it has also been found that certain secondary derivatives

CH3 (ij

of o-toluidine, e.g. CeHi have the interesting property
NH . C2H5 (2)

of behaving in many respects like tertiary amines.

Bv methylating and reducing nitro-amines, aminoammoniura bases

NH2 (1)

can be produced, e.g. C6H4 which serve for the prepara-
N(CH3)3.C1(3)

tion of the so-called Janus colours (q.v.).

Dijihenylamine Derivatives.—On heating aniline under pressure
with aniline hydrochloride, one hydrogen of the amino group is re-

placed by phenyl, yielding Diphenylamine :

C6H5.NH:H.HC1;H-C6H5NH2: = CeHs .NH.C6H5+NH4CI
Diphenylamine.

* G. T. Morgan, E.P. 102834.
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During the last decade, a series of diplienylamine derivatives have
attained great importance for the production of the so-called Sulphur
colours ; they may be obtained, for instance, by heating an amine
in aqueous or alcoholic solution with a chlor-derivative in the presence

of a neutralizing agent, such as sodium acetate, to combine with the

hydrochloric acid which is set free during the reaction, e.g. :

NO2- <
^^ V-Cl+NH2-

^^ ^—OH = N02-<
^ )—NH-^^T^-OH+ HCl

I I

NO2 NO2

An alternative method is hy the reduction of indophenols : thus

p-aminotolyl-^-hydroxyphenylamine, which is used for the preparation

of Immedial Indone, may be obtained by reducing the indophenol

which is formed either by oxidizing together jo-aminophenol and o-

toluidine, or by condensing nitrosophenol with o-toluidine in con-

centrated sulphuric acid (see Indophenols) :

0H-<
^ ^—NH2+ ^^ ^—NH2+2O =- 0=;^^~^=N—;^^^^^—NH2+2H2O

\CH3 \CH3

0^
(^ ^=N-<^ ^—NH2+H2 = HO-^ ^-NH— <(

^—NH2
\CH3 \CH3

In a similar manner, -^-dimethylamino-^J-hydroxydiphenylamine :

H
(CH3)2N-C~>-N-< > -OH

may be prepared from the indophenol resulting from phenol and
-^-amino-dimethylaniline.

In certain cases, the diphenylamine synthesis may also be extended

to its derivatives ; thus ^-amino-^'-hydroxydiphenylamine may be

produced by melting together ^-aminophenol hydrochloride and p-

phenylenediamine :

HO—

<

^ ^NH2-fH2N—
<^

^-NH2 = HO-^ )-^-<^ ^—NH2-I-NH3
H

Which of the various processes is to be preferred can only be decided

by actual experiment, as the chief objects to be attained are the

production of the substance in a good yield and in a high state of

purity, and at the lowest possible price.

Diphenyl Bases.—Whilst the reduction of nitrobenzene in acid

solution yields aniline, as we have seen, the process takes quite another

course in alkaline solution. On treating nitrobenzene with zinc dust

and caustic soda at the boil, azobenzene is first formed :

—

C6H5NO2 CeHsN .

-f-4H2 =
li
+4H2O

C6H5NO2 C6H5N
Nitrobenzene. Azobenzene.
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The further action of hydrogen on the latter yields hydrazobenzene.

CeHsNH
I ;

on treatment with acids this is transformed into Benzidine :

C6H5NH
(1) (4)

C6H4NH2

C6H4NH2
(1) (4)

a certain amount of the isomeric Diphenyline being produced at the

same time :

/NH2

The former plays an important part in the production of the series

of dyes which are named after it, Benzidine dyes.

o-Tolidine is prepared in a similar manner, from o-nitrotoluene,

and is of considerable value
;

.N-<->^<2>
CH3 CH3

as also is Dianisidine :

which is prepared from o-nitroanisol. The production of unsym-
metrical benzidine bases is considerably more complicated ; as an

example we may note the method of preparation of Weinberg's ethoxy-

benzidine *
: phenol is sulphonated : C6H4(OH)(S03H) ; by the

action of diazobenzene, the azo dye of the constitution

C6H5N=N-C6H3(OH){S03H)

is formed ; this ,is then ethylated to form :

C6H5N=N-C6H3(OCiiH5)(S03H)

which is then reduced and isomerized in the same way as for

the production of benzidine, and the- sulphonic group is then
eliminated.

Other methods of reduction : the influence upon the course of a

reaction of the conditions under which it is carried out is shown in a
very instructive manner by the various new methods which have
been brought into use in recent years for the reduction of aromatic
nitro compounds.

E. Bamberger and A. Wohl made the important discovery at the

* A. Weinberg, Ber., 20, 3171 (1887); D.R.P. 44209; E.P. 14464/87.
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same time, but independently of one another, that phenylhydro-
xylamine, CeHsNHOH, is produced by reducing nitrobenzene in

neutral solution with zinc dust. According to Kalle & Co., it may
be obtained in excellent yield if the reaction be carried out in the

cold in the presence of an aqueous solution of an ammonium salt.

In spite of the great reactivity of phenylhydroxylamine, which can

be easily oxidized to nitroso derivatives, condensed with aldehydes,

or transformed by acids into ^-aminophenols, it has not been possible

to utilize it technically to any extent on account of its high price

The reduction of nitro compounds in concentrated sulphuric acid

solution by means of zinc leads to the formation of aminophenols,

which are produced by isomerization of the hydroxylamines first

formed.*

In many cases, also, bisulphite is suitable for converting nitro into

amino compounds, but sulphonation often occurs at the same time
;

thus, e.g. aminosulphobenzoic acid is produced from nitrobenzoic

acid, nitranilinesulphonic acid from dinitrobenzene,")* 1 : naphthylamine-

2 : 4-disulphonic acid being the chief product from a-nitronaphthalene,

whilst dinitronaphthalenes yield naphthylenediaminesulphonic acids,

etc.

This method of reduction is of particular importance for the prepara-

tion of 1 amino-2 naphthol-4 sulphonic acid from nitroso-jS-naphthol.

The electrolytic reduction of nitro compounds, which recently

has been thoroughly examined, J yields very varying results according

to the conditions under which it is carried out. In acid solutions

amines and aminophenols are formed (by transformation of the

phenylhydroxylamine first formed), in alkaline solution azoxy, azo

and hydrazo compounds are obtained. § They may possibly become
of importance for the production of ^-aminophenol (from nitrobenzene)

which plays a very important part in the production of sulphur dyes.||

Generally speaking electrolytic methods for the production of

amines are too expensive, and therefore with few exceptions they

offer no advantages over the ordinary chemical methods.

During the last few years endeavours have been made to prepare

aniline by the catalytic reduction of nitrobenzene with hydrogen
in the presence of a suitable catalyst, notably copper ; iron, nickel

and the noble metals have also been tried. Though good yields are

said to be obtained it is uncertain whether such methods offer any
serious advantage over the well-established process with iron borings.^

Quinoline Bases.—By heating aniline with glycerine and sulphuric

acid in the presence of nitrobenzene, Quinoline is produced **
:

, * D.R.P. 96853. f Nietzki, D.R.P. 86097, 14382/95.

X Cf. the instructive article by Walther Lob in Zeit^ch. f. Farben- und Textil-

chemie, vol. i. pp. 110 and 385.

§ These compounds are probably produced from the phenylhydroxylamine
first formed and nitrosobenzene.

*

II
D.R.P. 150800, 154086 ; Darmstadter.

H Cf. D.R.P. 282568 ; E.P. 13149/14, 15334/14 (B.A.S.F.) ; D.R.P. 282492
(M.L.B.); E.P. 16936/13, 22523/13 (Brochet); D.R.P. 263396 (B.A.S.F.); Cain,

pp. 44-45.
** It is generally assumed that acrolein is first formed from the glycerine, which
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azo dyes. Secondary and tertiary aminophenols, chiefly those belong-

/OH (1)

ing to the meta series, e.g. C6H4\ , have been prepared
\N(CH3)2 (3)

and are used in the manufacture of Rhodamines.
They may be obtained from the corresponding sulphonic acids by

alkali fusion, e.g. dimethyl- or diethylaminophenol from dimethyl- or

diethylanilinesulphonic acid, or m-aminophenol (Fuscamin) itself from
metanilic acid. On alkylating nitrophenols (with methyl-chloride or

sulphate, or with salts of ethylsulphuric acid), the corresponding nitro-

/OCH3
phenol ethers are produced, for example nitroanisol : C6H4X

/OC2H5 (1)

and nitrophenetol, CeHix
^N02 (2)

The same substances may also be obtained from o-nitrochlor-

benzene by boiling with methyl- or ethyl-alcoholic potash ; o-nitro-

anisol is of especial importance for the preparation of dianisidine.

The reduction products of the nitroanisols or nitrophenetols, ani-

/O . Alkyl
sidines and phenetidines, C6H4. , are used in the manufacture

of azo dyes ; on nitration o-anisidine yields ^-nitro-o-anisidine

(together with some meta compound which is separated), which is

becoming increasingly important for the production of ice colours.

Phenols, on sulphonation, yield phenolsulphonic acids, phenol

itself yielding ortho- and ^ara-phenolsulphonic acids. At higher

temperatures, the chief product is ^^-phenolsulphonic acid, which is

an intermediate product for the preparation of picric acid.

Nitrosophenols serve as initial materials for the production of

dyes ; in a few cases they may themselves be applied directly as dyes

(cf. Nitroso Dyes).

It frequently happens that dyes which contain a phenol as a com-
ponent show great sensitiveness to alkalies. To overcome this dis-

advantage, the hydroxyl group may be alkylated, the operation being

carried out, not on the phenol itself, but on the finished dye (cf.

Chrysophenine)

.

Carboxylic Acids.—The chief carboxylic acids of benzene and its

homologues, which are used in the manufacture of colouring matters,

are benzoic acid, salicylic acid, anthranilic acid, cresotinic acid, gallic

acid, phthalic acid and tannic acid.

Benzoic acid may be made either by heating benzotrichloride

(CeHsCCla) with water in the presence of iron compounds and without

pressure, or by the oxidation of toluene with manganese dioxide and

sulphuric acid. On nitration, the chief product is m-nitrobenzoic

acid, which is converted by reducing agents into the corresponding

aminobenzoic acid, the latter serving as a dye component.

Salicylic acid, which is used at the present day in considerable

quantities for the production of mordant-dyeing azo colours, was
originally made according to Kolbe's method by leading pre-heated

carbonic acid over sodium phenate at 180° C. :
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/ONa (1)

2C6H50Na+ C02 = CeH/ +C6H5OH*
\C00Na(2)

In this reaction the carbonic ether of phenol is first formed :

CeHsO.COONa

According to Schmitt's method, which is now generally used, the

carbonic acid is allowed to react with the sodium phenate in an auto-

clave under pressure, the sodium phenyl carbonate being converted

on heating into sodium salicylate :

/OH (1)

C6H50C02Na -^ CeH/
\CO2Na (2)

According to this method the whole of the phenol is utilized, whilst

according to the Kolbe synthesis only one-half is transformed.

The cresotinic acids are produced from the cresols in a similar

manner to the production of the salicylic acid from phenol.

Gallic acid is obtained from tannin by boiling with dilute sulphuric

acid. Tannin, which is also known as gallo-tannic acid, or tannic

acid, is obtained from gall apples by extracting these, after reducing

to a powder, with a mixture of ether and alcohol, and again treating

the extract by shaking with water.

Phthalic acid was formerly obtained by oxidizing naphthalene
or its derivatives with nitric or chromic acid. The endeavour to

render the Heumann Indigo synthesis {q.v.) commercially practicable

has led to a very cheap method for the production of phthalic

acid, consisting in heating naphthalene with sulphuric acid to moder-
ately high temperatures (about 300° C.) in the presence of mercury
or a mercury salt, the phthalic acid subliming from the reaction mixture
in the form of its anhydride. In this reaction the sulphuric acid

serves chiefly as an oxidizing agent
; t it is reduced to sulphurous

acid which, mixed with air, is passed over platinized asbestos and
reconverted into sulphuric anhydride (CI. Winkler's method, the so-

called " Contact Process ").

Chlorinated phthalic acids, particularly tne ai- c«x^a ^Atrachlor-

phthalic acids, are utilized for the production of dyes of the Phthalein

group, t

Aldehydes.—Of the aromatic aldehydes, Benzaldehyde (oil of bitter

almonds) is by far the most important. It may be produced by heating

benzyl chloride (CeHoCHoCl) with lead nitrate and water, or from

benzal chloride (C6H5CHCI2) by heating with lime :

CaH5CH2Cl+ = C6H5CHO+HCI
Benzaldehyde.

C3H5CHCl2+Ca(OH)2 = C6H5CHO+H20+CaCl2

* See, however, Tijmstra, Ber., 38, 1375 (1905).

t D.R.P. 91202 ; E.P. 18221/96.

X Cf. Pratt and Perkins, J. Am. Chem. Soc, 40, 204 (1918).
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It is used in the preparation of the dj'e named after it, " Bitter-

mandelolgrxin," or Malachite Green. Of its nitro compounds, only

the meta derivative can be readily obtained by direct nitration ; on

reduction this yields the corresponding amino compound ; if the

NH2 group in the latter be replaced by OH, by diazotization, and

subsequent heating with water, the important substance m-hydroxy-

benzaldehyde is produced, which is of considerable importance for

the preparation of dyes of the Patent Blue class.

o-Nitrobenzaldehyde was prepared for a time for the manufacture

of indigo, it is still used to some extent for the preparation of " Indigo

Salt " (K.). It may be obtained in various ways, for instance by

Homolka's method, from o-nitrobenzylchloride by the action of aniline,

oxidation of the benzyl compound to o-nitrobenzylidineaniline and

subsequent hydrolysis with acids. According to the observations of

the Badische Anilin- und Soda-Fabrik and of Gilliard, Monnet and

Cartier, it may also be produced by direct oxidation of o-nitrotoluene

with manganese peroxide and sulphuric acid. This direct method

can also be applied to other toluene derivatives, but the yields are

in general rather poor (in the case of o-nitrotoluene about 10 per cent.
;

90 per cent, being recovered).

Gattermann's methods for the synthesis of aldehydes by the

means of carbon monoxide and hydrochloric acid, or with aqueous

hydrocyanic acid in presence of condensing agents, have not yet been

utilized on a technical scale.

Geigy & Co. have found that the old Reimer method for intro-

ducing an aldehyde group (namely, heating with chloroform and caustic

lye) leads to technically valuable results in the case of many of the

naphtholsulphonic acids.*

The same company have also patented an aldehyde synthesis

with the aid of formaldehyde and aromatic hydroxylamine derivatives
; f

the reaction may be expressed generally thus :

H\
RC6H54 COH2+ )N-R' —> RC6H4-CH2-N-R -^

OH/ I

OH

RC6H4CH^-Nr-R' ^^ K^oiliC^
1 HiiN-R'

This method of preparation is capable of very wide application, and
many technically valuable substituted aldehydes may be obtained
by its means. Thus ^-dimethylaminobenzaldehyde can be prepared
from dimethylaniline.

* The following methods for the preparation of aldehydes may be noted :

Oxidation of compounds containing the CH3 groups by means of chromic acid in

the presence of acetic anhydride, D.R.P. 121788 (By.), o- and p-nitrobenzaldehyde
by the oxidation of nitrobenzylanilines, D.R.P. 91503, 93539, E.P. 10689/96 ;

oxidation of stillbene derivatives, D.R.P. 115410, E.P. 19904/97; hydroxy-
aldehydes by means of the condensation products from formanilide and phenols
(O. Dimroth and R. Zoeppritz, Ber., 35, 193 (1902)) ; j9-aminobenzaldehyde
from jo-nitrotoluene and alkaH sulphides, D.R.P. 86874 (Gy.).

t Sandraeyer, D.R.P. 103578, 105103; E.P. 17135/98.
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Other aldehyde derivatives which are utilized for the synthesis

of triphenylmethane dyes are o-chlorbenzaldehyde and benzaldehyde-

o-sulphonic acid, the dyes produced with their aid being fast to alkalis.

Chloro Derivatives.—The process of chlorination also plays an

important part in the chemistry of dyes ; it is used chiefly for the

preparation of benzylchloride, benzalchloride, and benzotrichloride

from toluene, and for the production of the chlorbenzenes, wMch
may then be converted into o- and p-chlornitrobenzene and dinitro-

chlorbenzene.

The halogen in 1:2: 4-dinitrochlorbenzene (which is formed by

dinitration of chlorbenzene) is readily removable and can be replaced

by the most diverse groups, as was mentioned when dealing with the

synthesis of diphenylamine derivatives ; on heating with alkalies,

for instance, it is transformed into 1 :2:4-dinitrophenol, which is a

very important intermediate for the production of Sulphur Black
;

it is prepared technically by this method, and not by the dinitration

of phenol.

As is well known, halogen atoms occurring in aromatic derivatives

are only readily removable if negative substituents (nitro, sulpho,

etc.) are present, and the greater the number of the latter, the more

easily the substitution takes place ; the position of the substituents

also affects the result. Thus, by heating p-chlornitrobenzene with

ammonia under pressure the halogen is replaced by an amino group,

^-nitraniline being produced, whilst in the meta series this reaction

does not occur. In recent years, ^-nitraniline has been produced

commercially by this method. The removal of the halogen atoms

and their replacement by other groups is greatly facilitated by the

addition of certain metals, in particular copper or copper salts. This

method, introduced by F. Ullmann, has proved itself of great valu^

for the synthesis of numerous compounds and is also used technically

for the syntheses of dyes and also in the preparation of various inter-

mediates ; thus chlorine may be replaced by the amino group as may
be seen from numerous patents taken out by the Aktiengesellschaft

fiir Anilinfabrikation,* and it is possible that this reaction, which

allows of the preparation of amino bases from the halogen compounds

instead of starting with the nitro compounds in the usual way, may
become of technical importance ; the method would also offer a new

and important application for the large quantities of chlorine produced

during the electrolysis of alkaline chlorides.

Phenols may also be prepared by heating the corresponding chloro

derivatives with aqueous alkali under pressure, f though better results

are obtained with naphthalene than with benzene derivatives.

Various Derivatives.—Of the ketones, one derivative of benzo-

phenone is of some importance, namely, tetramethyldiaminobenzo-
(1) (4)

/C6H4N(CH3)2
phenone, or Michler's ketone, COs. . This substance^

^C6H4N(CH3)2 •

(1) (4) •

* DR. P. 202170, 202564, 202565, 204848, 204951, 204972, 205150, 205416.

t K. H. Meyer and F. Bergius, E.P. 25555/12.
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possesses a basic character, and is produced by allowing dimethylaniline
to react with the chloride of dimethylaminobenzoic acid which is

formed when phosgene (COCI2) and dimethylaniline are allowed to

interact, or it may be produced directly from phosgene and di-

methylaniline. On reduction it is converted into tetramethyldiamino-
(1) (4)

/C6H4N(CH3)2
benzhydrol, CH , 0H\ , which is also used in the manu-

\C6H4N(CH3)2
(1) (4)

facture of colouring matters ; this latter substance may, however,
more conveniently be obtained by the oxidation of tetramethyldiamino-

/C6H4N(CH3)2
diphenylmethane, CH2V , which is formed by condensing

^C6H4N(CH3)2
formaldehyde and dimethylaniline together.

If sodium polysulphide be used as the oxidizing agent, Michler's

ketone is produced on hydrolysing the resultant thiobenzophenon^
with hot hydrochloric acid.*

The tables on pages 48 and 49 illustrate the relationships of some
of the more important derivatives of benzene and toluene.

Naphthalene Derivatives.

We have now to describe a certain number of naphthalene deriva-

tives which are fully as important for the manufacture of dyes as

the various benzene derivatives just discussed. Chief among these

arp a- and ^8-naphthol, a- and j3-naphthylamine, aminonaphthols,

dihydroxynaphthalenes, and various sulphonic acids derived from
these compounds. The great majority of these substances were
sought for and discovered after the introduction of the benzidine

group of dyes, and their chief importance to-day is still in connection

with this group.

The raw material for the preparation of all these intermediates

is naphthalene derived from coal-tar. As in the case of benzene,

the chief processes requisite for the production of the valuable naphthols,

naphthylamines, and their sulphonic acids are here also nitration,

sulphonation, and fusion with alkalies. The dye components belonging

to the naphthalene series contain OH— , NH2— , and SO3H— groups

and—to a lesser extent—chlorine, as substituents ; other groups hardly

enter into the question, since those compounds which contain nitroso

or quinone groups are themselves dyes.

There are a number of processes available for the introduction

of various groups into the naphthalene "nucleus besides those already

discussed in connection with benzene derivatives which are, for the

most part, also epplicable to the production of naphthalene derivatives.

First we may note the migration of the sulphonic group, a pheno-

menon which may be frequently observed in the naphthalene series ;

thus, for example, a-naphthylamine on heating with sulphuric acid

yields in succession 1:4-, 1:5-, and 1 : 6-naphthylaminesulphonic acid.

The sulphonic group may, however, also migrate from a benzene

* D.R.P. 287994, 289108 (B.S.A.F.).
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nucleus into a naphthalene nucleus ; thus, l-naphthylamine-2-sulphonic

acid is obtained by heating a-naphthylamine with sulphanilic acid,

though it may be prepared more conveniently from naphthionic acid

(1:4) by heating its sodium salt to the boiling-point of naphthalene.

In many cases the sulphonic group may be split off by heating

with acids, particularly when it is present in the a-position. In the

case of the aminosulphonic acids of naphthalene, only the sulphonic

group is replaced by OH as a rule on heating with alkali, but in certain

cases under special conditions, the NH2 group may also be replaced

(e.g. naphthionic acid). Frequently it is possible to replace the amino
groups in naphthalene derivatives by heating with dilute acids or

alkalies, and in some cases simple heating with water under pressure

will suffice ; thus, e.g., salts of a-naphthylamine may be converted

into a-naphthol by this means. A convenient method for replacing

amino by hydroxyl groups and vice versa has been worked out by
Fr. Bayer & Co., and the Badische Anilin- und Soda-Fabrik

;
prac-

tically all aminonaphthalene derivatives are readily attacked by
bisulphite, the amino group being replaced by the group — O.S02Na,
which can be readily hydrolysed by acids to the hydroxyl group.*

Conversely, these sulphurous esters may be prepared from naphthols,

and on heating with ammonia are converted into the corresponding

amines.f By means of this reaction (sometimes referred to as the

Bucherer reaction) it is thus possible to prepare phenols (i.e. naphthols)

from amines, or conversely to prepare amines from naphthols.

We are chiefly indebted to the researches of Cleve, Armstrong,

Wynne, Erdmann, Dressel and Kothe for our knowledge of the con-

stitution of most of the compounds of this series, and for the deter-

mination of the laws governing the introduction of the sulphonic and
nitro groups { which will now be considered.

NO2

On nitrating naphthalene, a-nitronaphthalene is the

\y\/
chief product, together with a little jS-nitronaphthalene ; on reduction

this yields a-naphthylamine
;

jS-naphthylamine cannot be prepared

in this manner but is obtained by treating jS-naphthol with ammonia,
the hydroxyl being replaced by NH2. On further nitrating a-nitro-

naphthalene, as also on nitrating various naphthalenesvdphonic acids,

the nitro group shows a similar tendency to enter the a-position, and
only occasionally does it enter the jS-position. Thus 1 : 5- and 1 :

8-

dinitronaphthalenes are produced from a-nitronaphthalene ; we
therefore find it a general rule that fresh nitro groups entering a molecule

containing NO2— or SO3H— groups in the a-position, tend to occupy
positions 5 or 8. In the case of compounds containing an SO3H— group

* D.R.P. 109102 (By.), 114974 (By.); E.P. 16807/99, 22804/99.

t D.R.P. 115335, 12613G (B.A.S.F.). Cf. also investigation by H.. Bucherer,
Journ. /. prakt. Chem., 69, 49.

t Cf. also P. Julius, Chem. Ztg., 11, pp. 180-1 (1894).
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in the jS-position, a fresh nitro group will endeavour to occupy either

the furthest a-position or a " meta " a-position. The formation of

ortho derivatives in these cases has not hitherto been observed.

On nitrating j8-naphthalene sulphonic acid, therefore, the 2 : 4,

2 : 5, and 2 : 8-nitrosulphonic acids are obtained, the latter being con-

verted on reduction into the corresponding a-naphthylamine sulphonic

acids, 1 : 6 and 1 : 7 (Cleve's acid). (The 2 : 4 compound is produced
only in very small quantities and is valueless.)

On sulphonation, the SO3H— group, according to the rule discovered

by Armstrong and Wynne, enters the a-position at low temperature

but the ^-position at higher temperatures, this rule also holding good
as regards further sulphonation. Furthermore, it is here found that

at low temperatures the newly introduced SO3H— group takes up the

most remote a-position, and at high temperatures the most remote
jS-position, but never the relative oriho-, para- or pen-position with

regard to an existing sulphonic group. Exceptions to this rule, how-
ever, have been discovered by Dressel and Kothe.* The rule in

sulphonating a-naphthylamine is that the sulphonic group enters in

4 or 5, and if these be already occupied, seeks the positions 6, 7 or 2.

On sulphonating jS-naphthylamine the 5- and 8-sulphonic acids

are formed, the 5- acid preponderating. At higher temperatures

small amounts of the 6- and 7-i8omers are also produced.

f

According to the temperature employed, the sulphonation of

naphthalene furnishes a- or j8-naphthalenemonosulphonic acid from
which the corresponding valuable naphthols are obtained.

According to the recent researches of O. N. Witt, J the important

iS-acid is best prepared by sulphonating naphthalene at 150° C. with

concentrated sulphuric acid, and is separated from the small amount
of a-sulphonic acid formed simultaneously, by the crystallization

of its trihydrate.

As already mentioned jS-naphthol is also the intermediate required

for the production of ^-naphthylamine, whereas a-naphthylamine is

formed by the nitration of naphthalene and subsequent reduction.

On sulphonating ^-naphthol, the first products obtained are two
naphtholmonosulphonic acids (Schaffer's acid, 2:6-; and Crocein

acid, 2 : 8-), further sulphcmation yielding two naphtholdisulphonic

acids, the sodium salts of which are known as " R *' salt and " G "

salt, and play an important part in the production of the " Ponceaux."

"R" salt is the sodium salt of jS-naphthol-3 : 6-disulphonic acid,

"G" salt being derived from jS-naphthol-6 : 8-disulphonic acid. The
two' are distinguished from one another by the colours of the dyes

prepared with their aid, the " R " acid yielding reddish Ponceaux,

those formed from " G " acid being somewhat more yellowish. § The
two acids show considerable differences in the ease with which they

can coiiple ; this difference may be made use of for separating the two,

* Ber., 27, 1193 and 2137 (1894).

t A. G. Green and H. V. Kapilram, Trans, Chem. Soc., 118, 35 (1918).

X Ber., 48, 743 (1915). This important paper contains a valuable summary
of the preparation and properties of the acid.

§ Oerman. iJot = red, G'elb= yellow.
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" R " acid couples at once, " G " acid reacting considerably more
slowly. Schaflfer's acid and Crocein acid behave similarly.

Of particular interest is the so-called Naphthionic acid, which is

"/ NH2

obtained by the sulphonation of a-naphthylamine : f | | As a

SO3H
constituent of the first benzidine colour, Congo Red, it gave an
impetus to those researches on new naphthylamine and naphthol-

sulphonic acids which have proved so fruitful.

Special note may be made of those derivatives in which the sub-
1

stituents occupy the 1:8 or jperi position they exhibit

the special characteristics of many ortho derivatives of the benzene
series, namely the ability to form an inner anhydride, e.g. 1 : 8-naphtho-

SO2-O
I

sulphonic acid yields a naphthosultone :

Certain sulphonic acids derived from 1 : 8-dihydroxynaphthalene

may be used for the direct dyeing of wool, being converted into dyes
on the fibre by oxidation with chromates ; thus 1 : 8-dihydroxy-

naphthalene-3 : 6-disulphonic acid is sold as Chromogene I (M.L.B.)

and yields brown shades on wool by after-chroming ; 1 : 8-dihydroxy-

naphthalene-2 : 4-disulphonic acid dyes black.* The two phenyl-

naphthylamines are produced by heating the corresponding naphthols

with aniline and its hydrochloride
; phenyl-a-naphthylamine may

also be formed by heating aniline with a-naphthylamine hydrochloride.

The tolyl-naphthylamines may be prepared in a similar manner.
The dihydroxynaphthalenes may be formed by the same methods

as the naphthols, 2 : 7-dihydroxynaphthalene, for example, being

prepared by a potash fusion of 2 : 7-naphthalenedisulphonic acid.

1 : 5-Dihydroxynaphthalene is also used in the manufacture of azo

dyes.

The a- and j8-hydroxynaphthoic acids may be obtained by methods
analogous to those used for the production of salicylic acid ; of these

the 2-hydroxy-3-naphthoic acid (m.p. 216°) is the most important
and is used in the manufacture of mordant dyes, as also for use

with ice colours.

Aldehydes of the naphthalene series are obtainable on a technical

scale by the methods which have alreadj^ been discussed in connection

with the benzene derivatives.

Nitro- and nitrosonaphthols, as also dihydroxynaphthoquinone,

* D.R.P. 77552 (M.L.B. ).
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HO3SI
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./NOH
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(HO3S)

HO3&' HO3SI

NH2

HO3S
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NH2
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(SO3H)

>|NH2 HO3S

SO3H

1NH2
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2 : 5-Aminonaphthol-

salpiionic acid J.

(J-acid.)

SO3H

M/
HO3S NH2 HO3S NH2(0H)

SO3H
a-Naphtliol- a-Napi>thylamine-

3 : 8-distilphonic arid 3 : 6-disulplionic acid
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3 : 6-disuipiionic acid
RG (Rudolph-
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OH NH2 OH OH

HO3SI SO3H HO3C SO3H
1 : 8-Aminonaplitliol-

3 : 6-disulphonic acid H.
(H-acid.)
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acid.
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are applicable as dyes (see Nitro and Nitroso dyes, and Alizarin

Black).

Space does not allow us to consider in detail the preparation of

all the known acids, we can" only show by means of one or two
examples the general way in which such compounds are made :

Chromotropic Acid is prepared from naphthalene trisulphonic

acid ; on nitration an a-nitrotrisulphonic acid is obtained which yields

the corresponding amino acid on reduction. The amino group in

the latter is replaced by hydroxy! on heating with water under pressure,

and on subsequent alkali fusion the SO3H group in the a-position

is also replaced by OH :

HO3S NO2 HO3S NH2 HO3S OH OH OH

H03Sy/'v^^S03H H03S>v^v^S03H H03Sl^y«^303H HOsS^^V^-'SOsH

H-acid is prepared in a similar way by submitting the above a-

naphthylaminetrisulphonic acid to fusion with alkali.

Aminonaphtholsulphonic acid y is produced by fusing amino-G-
acid with alkali ; the amino-G acid itself being obtained from G-acid
by treatment with ammonia under pressure :

HO3S HO3S OH

H03sl^^j^ HOasly^ls^ HOssi

The relationships of the various naphthylamine-, naphthol-, and
aminonaphtholsulphonic acids, which are of such great importance
for the production of azo colours, may be seen from the following

table.*

The numbering and nomenclature of the naphthalene derivatives

(see pages 54 and 55) is made in accordance with one or other of

the following formulae : -^

8 1 . aj di

2
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position. On nitration anthiaquinone, analogously to naphthalene,

yields first the a-mononitro-, and then the 1 : 5- and 1 : 8-dinitroanthra-

quinones (together with a little 1 : 6- and 1 : 7-dinitro compound).
In the case of many anthraquinone derivatives, the nitration can

be made to pursue a different course by the addition of boric acid.

On the other hand, the anthraquinone derivatives show in many
cases different reactions from those of the benzene and naphthalene

series, so that one may speak quite correctly of a special " Anthra-

quinone Chemistry," having its own specific reactions.

The nitro group becomes particularly mobile and reactive when
attached to an anthraquinone molecule ; for instance, on heating

dinitroanthraquinones with dialkylated amines nitro-alkylamino-an-

thraquinones are obtained which are otherwise somewhat difficult to

prepare. On heating with lime, or even on heating with aqueous
pyridine, the nitro groups are replaced by hydroxyl, and on heating

with alcoholic potash they are replaced by alkyloxy groups.

On gentle reduction, nitrated anthraquinones are converted into

hydroxylamines which are definite compounds of remarkable stability,

whilst in the benzene series their analogues are formed only inter-

mediately. On treatment with a bisulphite they form, in certain

cases, the sulphonic acids of the corresponding aminoanthraquinones.

Aminoanthraquinones may be readily nitrated if the amino groups

are protected by acylation, oxalic acid having been found to be a

satisfactory protective agent for this purpose ; without such pre-

cautions unstable nitramines are formed, which, however, can be

readily reconverted into the amines by treatment with easily nitratable

substances such as phenol dissolved in cone, sulphuric acid, etc.

Alkylated aminoanthraquinones can be readily nitrated, a partial

separation of the alkyl groups frequently occurring, however.

On sulphonating anthraquinone ^-sulphonic acids are formed
(see manufacture of Alizarin). It has been found by Iljinski,* and
independently by R. E. Schmidt,f that the a-sulphonic acids, which
are of considerable value for many purposes, may be obtained if the

sulphonation be carried out in the presence of mercury. In this case,

therefore, as in the production of phthalic acid from naphthalene,

the use of mercury has led to results of great technical value ; under

such conditions anthraquinone yields first the a-monosulphonic acid,

and then the 1 : 5- and I : 8-disulphonic acids ; anthraquinone-j8-

monosulphonic acid yielding the 1 : 7-disulphonic acid.

This method offers a convenient route for the preparation of 1:5-

and 1 : 8-dihydroxyanthraquinone (Anthrarufin and Chrysazin), and
of 1 : 7-dihydroxyanthraquinone, which is otherwise riot readily

obtainable on a technical scale.

In many cases the course of the sulphonation can be altered by
the addition of boric acid. J The usual method for rieplacing the

* Ber., 86, 4194 (1903).

t Ber., 37, 66 (1904) ; U.S.P. 712910 (R. E, Schmidt), and Fr. P. 332709 (R.

Wedekind & Co.).

t D.R.P. 161035 (By.) ; Chem. Ztg., 1905, 644.
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sulphonic group by hydroxj'l, the soda melt, is indeed used in the

anthraquinone series (e.g. the production of Alizarin), but the process

frequently takes place in an abnormal manner, as not only is the

SO3H group replaced by OH, but, in addition, a further hydroxy]
is introduced into the anthraquinone molecule. It has been found,

however, by the Farbwerke Hoechst that if the sulphonic acid be

heated with milk of lime under pressure, the —SO3H group is replaced

simply by hydroxy 1 without any further oxidation or molecular

rearrangement taking place.

Like the nitro group, the sulphonic group can.be comparativel}'

easily removed, particularly when occupying an a-position in the anthra-

quinone molecule, and may therefore be readily replaced by other

groups ; for example, by NH2 on heating with ammonia, by alkyloxy

groups on heating with alcoholic potash, and by chlorine on chlori-

nation. *

The sulphonic group in j3-anthraquinonesulphonic acid may also

be replaced by NH2 on heating with ammonia ; upon this fact depends
the technical production of j8-aminoanthraquinone, which is an im-

portant intermediate for the vat dye Indanthrene. The disulphonic

acids yield the corresponding diamines by the same process.

The sulphonic group in many anthraquinone derivatives may be

replaced by chlorine on treatment with an aqueous solution of the

latter. The replacement of nitro and sulphonic groups by substituted

amino groups is of special practical importance, as by this means very

valuable anthraquinone dyes have been prepared in recent years. It

is possible by heating nitroanthraquinones or anthraquinone sulphonic

acids with alkylated or alphylated amines, to introduce the groups :

NHA, NA2, or NHAr (A=alkyl, Ar= aromatic nucleus) into the

anthraquinone molecule.

Other substituents of a negative character, such as OH or halogen,

may also be replaced in this manner, considerable use being made of

this fact in actual practice.

An important method of wide application for the introduction

of hydroxyl groups into the molecule of anthraquinone and its deri-

vatives is known as the Bohn-Schmidt reaction, and consists in treat-

ment with strongly fuming sulphuric acid at a moderate temperature

(see" Anthraquinone Dyes).

On reducing anthraquinone derivatives, for example with hydro-

sulphite,* the CO groups are attacked, anthraquinone yielding thus

oxanthranol, and quinizarin being converted into leuco-quinizarin.

These leuco products are frequently much more reactive than the

anthraquinone derivatives themselves ; thus the leuco product of

l-amino-4-hydroxyanthraquinone-8-sulphonic acid is converted into

leuco-quinizarin-8-sulphonic acid even on boiling with dilute acids.

The two OH groups in leuco-quinizarin are readily replaced by NH2
yielding 1 : 4-diaminoanthraquinone ; further, they also react with

amines, leading to the formation of dyes. Of special interest is the

removal of an hydroxyl group in certain cases on treatment with hydro-

sulphite or other reducing agents ; thus Purpurin (1:2: 4-trihydroxy-

* Grandmougin, Ber., 39, 3561 (1906) ; Jour. f. Prakt. Chem., 76, 140 (1907).
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anthraquinone) is converted on reduction into Xanthopurpurin

(1:3, = 2:4-dihydroxyanthraquinone).*

Usually, anthraquinone derivatives are obtained from anthra-

quinone itself, but in certain cases they are prepared synthetically

from derivatives of phthalic acid or other, benzene carboxylic acids

(cf. Anthragallol). Anthraquinone may be obtained in quantitative

yield from benzoylbenzoic acid, which is prepared .from phthalic

anhydride and benzene by means of the Friedel and Craft reaction :

/C0\ /CO. OH /C0\
;
CsHZ )0+C6H6->C6H< _>C6H< )C6H4

^co^ \co-C6H5 \co/^

Anthraquinone itstdf is not prepared by this metho^, but j8-methyl-

anthraquinone (from toluene), halogen-methylanthraquinone.s,t napb-
thanthraquinones, etc., which are used for the preparation of certain

vat dyes, are so produced.

The relationships of some ofth^ more im])ortant Anthi-aquinone

derivatives may be seen from the table on page 59 (Anq.= Anthra-
quinone).

Literature.

Apart from the usual sources of information such as Winther, Zusammenatellunri

der Patente auf dem Oebiete der Organischen Chemie (Giessen, 1910), vol. i. : and
Friedlander, Fortschritte in der Tesrbenfabrikalion, vol. i. to xii., a ijseful summary
6f the more important processes is given in J. C. Cain's The Manufacture of Inter-

mediate Products Jor Dyes (London, 1918). See also H. E. Fierz, Grundlegende

Operationen der Farbenchemie (Schulthess, Ziirich, 1920).

Several valuable articles on the same subject have also appeared in La Revue
des Produits Chemiques since 1914, chiefly from the pen of Prof. Grandmougin.

Aliphatic Compounds.

In recent years, phosgene and formaldehyde have come to play

an important part in tjhe manufacture of dyes in addition to those

other compounds of the' fatty series, such as methyl chloride, acetic

acid, methyl alcohol, ethjl alcohol, acetone, etc., which have long

been utilized.

The former, COCI2, is obtained by passing carbon monoxide and
chlorine over bone black with cooling, and serves for the preparation

of triphenylmethane dyes, and of urea derivatives which are of im-

portance in the technology of the azQ colours. Formaldehyde, CH^O,
isj a very important substance for the colciiur chemist, ojwing to the

smoothness of the numerous reactions in which it can take part,

usually with quantitative results. It is produced by oxidizing the

vapours of methyl alcohol with atmospheric oxygen in presence of

oxygen-carriers or porous substances.

Formic acid is now prepared from soda lime and carbon monoxide {

- * D.R.P. 212697.

t Fr. P. 398015; cf. also E.P. 82/12, -12920/12, 13019/12, 13241/12, 17259/12,

22440/12, 22840/12, 8917/14, 12237/14 (Akt.), 149.54/14, 15057/14 (Ullmann),

1^619/12 (Bay.), etc.
'

J D.R.P. 86419 (Goldschmidt). . .
' k
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at a very cheap rate, and is utilized for the production of formyl

compounds.
Dimethjd sulphate, (CH3)S04, which is formed by distilling methyl

hydrogen sulphate in vacuo, serves as a convenient methylating agent.

It has very poisonous properties.

For the purpose of ethylation, use is frequently made of ethyl

bromide, prepared from alcohol, since diethyl sulphate is not so readily

obtainable as the dimethyl compound.
Acetic acid is prepared either by distilling calcium acetate with

sulphuric acid or synthetically from acetylene by passing the gas into

dilute sulphuric acid in presence of mercuric oxide.

Acetic anhydride can be prepared at a low cost, by the action of

sulphur dioxide and chlorine or sulphuryl chloride, upon sodium
acetate, and is used for acetylating.

It can also be obtained by distilling ethylidene diacetate, which

is formed on passing acetylene into glacial acetic acid in presence of

a mercury catalyst.

Glycerine is used for certain dye syntheses (cf. Alizarine Blue),

and, with acetic acid, yields acetine, which is a mixture of the acetic

esters of glj^cerine. Acetine serves as a solvent for the insoluble

Induline colours (cf. Acetine Blue). Ethyl tartaric acid and Igevu-

linic acid have been utilized as solvents, but are now little used.

In addition, lactic acid, produced by fermentation of sugar solu-

tions, has found slight application as a solvent, but is of somewhat
more importance in wool-dyeing as a tartar substitute.

Of basic compounds, diethylamine is used to some extent, and is

prepared by the alkaline hydrolysis of nitrosodiethylaniline.

Besides the above-mentioned compounds, many others, such as

acetic ester, acetoacetic ester, oxalacetic ester, dihydroxytartaric acid,

etc., are utilized in the manufacture of colours, and will be mentioned
in discussing the individual dyesj



THE ARTIFICIAL COLOURING MATTERS, OR
COAL-TAR DYES

Classification and Subdivision of the Artificial Organic Dyes.

In the sections which follow, the dyes themselves will be examined
in considerable detail.

They may be classified according to several different schemes,

and it will depend upon the purpose for which it is required whether

we adopt one or other system of subdivision. It is frequently very

convenient to arrange them according to their behaviour in dyeing
;

for this purpose they may be subdivided into acid dyes, basic dyes,
etc., as indicated in the introduction,

"* ^ " "^

Such a classification is, however, lesj satisfactory if we are examining

the dyes from the standpoint of dye chemistry, since it inevitably

has the drawback that compounds which are chemically very different

may be brought together into the same group, whilst other dyes, which
are closely related chemically, may be placed in different categories

(Magenta and Acid Magenta, for example).

Any scheme again which is based upon the nature of the parent

hydrocarbon suffers from similar drawbacks, since related dyes will

be placed in different classes.

[tjj The most satisfactory arrangemeiA is probably that introduced

I

If
by Noelting and Nietzki, which depends upon the nature of the chro-

/ /|mophoric groups.*

This scheme does not offer any serious difficulties, since the con-

stitution of nearly all dyes- is known, or can, at all events, be surmised

with some degree of accuracy.

We may, however, note that even this subdivision may lead to

anomalies, since certain dyes may equally well be placed in any of two
or more classes. For instance, one may be in some doubt whether

to place Indanthrene amongst the Anthraqiiinone dyes, the Azines

or the Vat dyes, the reason being that the colour in question, like

many other compounds, contains several chromophores, so that a

somewhat arbitrary decision must be made as to the group in which

it is to be placed.

In spite of this, however, this method of classification is to be

preferred, and will be adopted in the sequel with the reservation that,

* E. Noelting, Mon. Scientif., 1886, 228 ; cf. also P. Julius, Die hunstl. org.

Farbstqffe, 1887 ; R. Nietzki, Organische Farbstoffe, first edition, 1886.
62
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in certain cases, the strictly logical arrangement according to the

chromophoric groups will be departed from, as, for instance, in the

diphenylmethane and triphenylmethane classes, where the subdivision

is effected in accordance with the parent hydrocarbons. It is thus

to a certain extent a compromise between the classification according

to the hydrocarbons and the classification according to the chromogens.

The following chief classes may therefore be distinguished :

1. Nitroso dyes (quinoneoximes).

2. Nitro dyes,

H^3. Azo dyes (including azoxy dyes, thiazol dyes, and azomethines).

4. Diphenylmethane dyes.

5. Ketone-imines.*

6. Triphenylmethane dyes.

7. Xanthene dyes.

8. Anthraquinone dyes.

9. Ketone dyes.

10. Xanthone dyes.

11. riavones.

12. Quinoline dyes.

13. Quinoneimine dyes (para-quinoneimine and oj-^Ao-quinoneimine

dyes).

14. Acridine dyes.

15. Indigo group.

16. Vat dyes.

17. Sulphur dyes.

18. Dj^es of unknown constitution.

These groups vary greatly in size. Whilst certain groups, for

example, such as the Nitroso and Nitro dyes, the Ketone-imines, or

the Quinoline and Acridine dyes, comprise only a few members, a

very considerable portion of the total number of technical colours are

to be found in the Azo group.

The Quinoneimine group, again, comprises a large numbers of colours.

In order to understand these comprehensive groups, therefore, it is

necessary to introduce cot-responding sub-groups which will be noted

in due course.

It is, perhaps, worth while calling attention here to a scheme of

classification suggested by Kostanecki, which depends upon the number
and nature of the chromophoric groups,f although it has not been
adopted in any text-book J :

A. Dyes icith one ChromopJioric Group.

C=C, (Dibisphenylene-ethene).

C=0, Hydroxy-ketones, -coumarines, -xanthones, and -fiavones.

* The Kotone-imines might also be considered together with the Ketone dyes,
but owing to the close relationship of Auramine with the Di- and Triphenylmethane
series of colours, it is usually discussed together with these.

t Verhdndlungen der Schweizer. Natur'orschenden Oesellschaft, Ziirich, 1896

;

Chem. Centr., 1897, I. 693.

X It should, however, be noted that various alterations would be necessary
according to our present views.
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C=N, Auramines, Thioflavine, Quinoline dyes

N^ , Nitro dyes.

N==N, Monoazo dyes.

N=N, Azoxy dyes.
II

Q

B. Dyes with several Chromophoric Groups.

(a) Streptostatic Chromophores (open chains).

Q__Q |- Unsaturated hydroxy-ketones, indogenides, oxindogenides.

C=0]
C=C kndigo.

c=oJ
Etc.

^ ^ Hydroxy-diketones, hydroxy-dixanthones.

~^ >-Hydrazone dyes.

(b) Cyclostatic Chromophores (closed chains of quinone type).

c=o



NITROSO DYES

NiTROSOPHENOLS are produced by allowing nitrous acid to act upon
phenols, e.g. :

C6H5OH+HNO2 = C6H4<^ +H2O.

According to H. Goldschmidt, however, the same nitrosophenol is

obtained by the action of hydroxylamine upon quinone ; to explain

its formation by this reaction it is necessary to assume that nitrosophenol

has a different constitutional formula, as may be seen from the following

equation :

O

/\
+ H2O.

\/
I+H2NOH =
Hydroxyl-
amine.

NOH
Quinono. Nitrosophenol.

According to this method of formation, therefore, it is an oxime,

and it is not impossible that all nitrosophenols are oximes ; hence their

chromophoric group is either

l-NO °^ l=NOH

The nitrosophenols themselves are in general but slightly coloured

and are chiefly used in dyeing or printing owing to their power of forming

lakes with iron or chrome mordants ; this property, however, is possessed

only by the 0-nitrosophenols in which the chromophoric groups are

in the ori^o position to one another, and this serves to explain the for-

mation of complex salts with metallic oxides. The iron lakes are green,

the chrome lakes being brown and in most cases remarkably fast to

light and washing. Para-nitrosophenols do not combine with mordants,
and are therefore useless for dyeing purposes.

Phenol, on nitrosation, yields the ^-nitroso derivative, whilst resor-

cinol in aqueous solution is converted into the dinitroso product,

Resorcin
. Green. The mono-nitroso derivative of resorcinol may,

indeed, be obtained by other methods, but is devoid of technical value.
A 66
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On nitrosating a-naphthol, a mixture of 1 : 4-nitrosonaphthol and

1 : 2-nitrosonaphthol is obtained, the latter only {GamhiyieR), which may
be prepared also by nitrosating l-naphthol-2-carboxylic acid with

replacement of the carboxyl group, going on to mordants. jS-Naphthol,

on treatment with nitrous acid, is converted into the valuable a-nitroso-

jS-naphthol {Fast Printing Green). Whilst 1 : 5-dihydroxynaphthalene

yields a dinitroso product with nitrous acid, only a mononitroso deri-

vative {Dioxine, L.) can be obtained from 2 : 7-dihydroxynaphthalene.

In general,^herefore, we' may say that, on nitrosation, ^-nitroso

derivatives are obtained where the para position is free, possibly with

formation of some o-nitroso derivative as well, whilst, if the para position

be occupied, o-nitroso derivatives are obtained—with the reservation

that in the benzene series, o-nitroso derivatives have not hitherto been

obtained directly, but only indirectly.

These dyes have but a limited application, as only the green iron

lakes and the brown chrome lakes are of value. Very occasionally

other metals, such as cobalt, zinc, nickel, etc., are used for fixing the

dye, and then practically only for calico printing.

The following products are utilized : Resorcin Green, Naphthol

Green (C), Dioxine (L.), the Gambines (R.H. and Akt.) and Milling Green

S (L.)

Resorcin Green, Alsatian Green, Solid Green O, is dinitroso-

resorcinol :

and is produced by treating resorcinol with nitrous acid. It is used

for dying green shades on iron-mordanted calico, and, in combination

with Alizarin, for blacks.

It possesses the noteworthy property (which belongs also to other

nitrosophenols) of dyeing animal fibres direct brown. Very fast brown

shades may be obtained upon plant as well as animal fibres by printing

with its ammoniacal solution and steaming. This brown dye may
also be prepared in pigment form,*

A brown colouring matter suitable for wool may be obtained by
treating dinitrosoresorcinol with sodium bisulphite and sodium hydro-

sulphite, but little is known as to the constitution of this product, f Lastly

we may mention that the monoazo dyes derived from resorcinol can be

nitrosated,J but the mordant dyes obtained possess too slight tinctorial

powers to be of much technical value,

Nitroso-jS-naphthol has, in recent years, gained somewhat in impor-

tance for calico printing under the name of Fast Printing Green (K,),

* Sunder, D.R. P. 207465, 216297.

t Grandmovigin, Rev. Oen. Mat. Col., 1907, 189.

X Kostanecki, D.R. P. 46479.
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Solid Steam Ch'een (F.T.M.), Steam Green G (B.A.S.F.), Viridone FF
(M.L.B.) ; it gives a vivid green 4ake with ferrous oxide. The product
is put on the market either as such, or as a water-soluble bisulphite

compound obtained by the action of sodium bisulphite :

/OH

CioHeC \SO3Na or CioH6<
^OH ^^OSOoNa

which is sold as Sulphamine (W.D.C.), Naphthine S (P.).

So far no experimental data regarding its constitution are available
;

the compound is decomposed by acids and alkalis, yielding nitroso-jS-

naphthol back again. If the bisulphite be allowed to act at a higher

temperature l-amino-2-naphthol-4-sulphonic acid is obtained.

Dioxine (L.) is l-nitroso-2:7-dihydroxynaphthalene and yields a
very fast brown chrome lake.

Naphthol Green B (C.) is prepared by the action of iron salts upon
nitroso-jS-naphthol-6-sulphonic acid (Schaeffer) and probably possesses

the following constitution :

/SOsNaNaOsSx^
C10H5—0—Fe—O— C10H5

.

In an acid bath it dyes wool a dull shade of green which is fast to

light ; it is unsuitable for dyeing cotton.

Milling Green S (L.) is probably similar to Naphthol Green.
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In accordance with the accepted theory, these dyes owe their coloTir

to the presence of the chromophoric groups NO2, which, however,

are only able to exert their influence if auxochromic groups, such as

hydroxyl or amino groups, are also present.

Armstrong * pointed out a considerable time ago that these groups

could not be the sole cause of colour, since, for example, 2>-nitrophenol

is colourless, whilst o-nitrophenol on the other hand is coloured, and

he suggested that this difference might be indicated by the following

formulae :

>0

'\0H
p-Nitrophenol. o-Nitrophenol,

HO.C6H4.NO2 0=C6H4=N^

This view of Armstrong's met, however, with little acceptance
;

but later A. Hantzsch succeeded in his admirable researches upon the

nitrophenols | in obtaining a proof that these compounds are, in fact,

capable of existence in two forms, one colourless and the other brightly

coloured. Hantzsch was not only able to show that the true nitro-

phenolic derivatives are colourless in a pure state (which is also the

case with the nitrobenzenes, the latter being incapable of a change

in constitution), but he also succeeded in preparing the deeply

coloured nitrophenolic ethers, which are isomeric with the well-known

colourless ethers. J

The former are derived, therefore, from the ordinary form of nitro-

phenols, the latter from their quinoid forms termed by Hantzsch the
" aci " form :

/OH ^0

^^^
• XoH

True nitrophenol, "aci" form, coloured,

coloiirless.

On salt formation, therefore, as also in dyeing, the true nitrophenols

are converted into their " aci " forms.

* Proc. Chem. Soc, 81, 101 (1902).

t Ber., 39, 1084 (1906).

X A. Hantzsch and H. Gorke, " Uber chinoide aci-Nitrophenolather," Ber.,

89, 1073 (1906).
68
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The majority of the nitro dyes contain hydroxy 1 groups ; they are

all acidic substances, and possess, almost without exception, those

special properties which are characteristic of aromatic nitro compounds,

such as the explosive nature of their salts, bitter taste, and more or less

pure yellow coloiir ; in addition most of them are poisonous. They
rank as some of the oldest artificial dyes, and in the early days of tar-

colour manufacture were much used in thedj^eing of silk and wool,

owing to their ease of application, the evenness of their dyeings, and their

pure yellow colour. Owing to their fugitiveness, however, they have

in recent years been replaced for the most part by azo dyes. They are

best applied in a dye bath made faintly acid with sulphuric acid, which

is contained in a wooden vessel, as copper destroys the purity of the

dyeings. They are unsuitable for cotton goods.

The only member of this group which continues to play an important

part in the dyeing of textiles is Naphthol Yellow S.

Picric acid,

OH
02N/"\N02

\J
N02

is the oldest artificial organic dye, since its production by the action

of nitric acid upon indigo was observed by Woulfe as far back as

1771. It may be prepared either by direct nitration of phenol, o- and
^-nitrophenol being formed intermediately, or in better yield by
treating phenolsulphonic acid with concentrated nitric acid. Picric

acid itself is fairly insensitive to shock, whilst its salts have intensely

explosive properties ; under the name of Melinite, Lyddite, etc., it is

used for filling shells,* and is exploded by means of fulminate.

Picrix! acid Avas formerly used in wool and silk dyeing to a consider-

able extent for producing yellow dyeings, and for shading green and red.

At the present- time, however, it has ceased to be used for this purpose.

The shades obtained by its use are of a pure greenish-yellow, but are

not at all fast to washing. On exposure to light the colour becomes
somewhat more orange, but does not bleach very rapidly ; alkalis

make the dyeings brownish.

f

Picramic acid,

OH
02N/'\NH2

N02

has attained to some importance in recent years as a component for

the production of azo colours.

* Owing to the sensitive nature of its salts and its pronounced acidic character
it has now been replaced by T.N.T. (trinitritoluene), " Amatol " (a mixture of

T.N.T. and ammonium nitrate), etc.

t Georgievics, Zur Kenntnias ihr Pikrinsdurefdrbungen. Chem. Cent., 1911,
II. 648.
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Victoria Orange, or Saffron Substitute,

ONa
C6H2CH3

(N02)2

is a variable mixture of the sodium salts of o- and ^-dinitrocresol,

and may be obtained either by treating cresolsulphonic acid with

concentrated nitric acid, or hj diazotizing a mixture of o- and p-

toluidine and treating the resultant diazo compounds with nitric

acid :

/CH3 /CH3
.

C6H4-N2-OH+2HNO3 = CeH2-OH+2H20+N2
%(N02)2

This dye is coloured yellow to orange and is not used for dyeing

textile fibres owing to its great fugitiveness. Under the name of Saffron

Substitute it was used at one time for colouring food materials (liqueurs,

macaroni, etc.), but its use now is strictly forbidden as it is extremely

poisonous and has even led to fatal results. Victoria Orange sublimes

very easily, and this property may be used as a qualitative test of its

presence by placing the piece of dyed material between filter paper

and then heating to about 100° C. ; if Victoria Orange is present, the

paper is coloured yellow. Martius Yellow, which is discussed below,

shows a similar behaviour. The potassium salt of dinitro-o-cresol has

been brought into the market by Fr. Bayer & Co. under the name
of Antinonnin as a preventative of mildew and fungi.

The ammonium salts of nitrocresols (or a mixture of trinitrocresol

and ammonium nitrate) are used as explosives ; thus the ammonium
salt of trinitrocresol is the chief component of the Austrian " Ekrasite,"

and also, probably, of the French " Cresylite."

Martius Yellow,

ONa
/VNn02

NO2

is the sodium salt (occasionally the calcium salt) of 2 : 4-dinitro-a-

naphthol. It may be prepared either by direct nitration of a-naphthol-

sulphonic acid or by heating diazotized a-naphthylamine with nitric

acid. Martius Yellow is also used for colouring food materials.

Like Victoria Orange, it can be easily sublimed and its presence

jnay therefore be determined qualitatively by this means,

Naphthol Yellow S, .

OH
Na03S/\/\N02

NO2
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is the alkali salt of the monosulphonic acid of Martius Yellow. It

is prepared by treating naphtholtrisulphonic acid with nitric acid :

i^n TT\ (N02)2

CioH4^i'='^^^^+2HN03 = CioH4S03H+2H2S04^^ OH

Naphthol Yellow is faster than the other nitro colours, and is

frequently used in the dyeing of animal fibres either alone, in order to

obtain pure yellow shades, or for mixed shades (green, etc.) ; in addition,

since it is non-poisonous, it may be used for colouring food.

Naphthol Yellow S may be easily distinguished from Martius Yellow,

since on treatment with hydrochloric acid an aqueous solution of the

former remains clear, whilst from a solution of the latter insoluble

dinitro-a-naphthol (m.p. 138°) is precipitated, which may then be

extracted with ether.

Amido Yellow E (M.L.B.) is a representative of a recent class of

nitro dyes prepared by condensing together diphenylamine sulphonic

acids and chlordinitrobenzene.*

It has the structure :

CH3-<( ^-NH-<(^ ^-NH-<^ ^NQ2

SOgH NO2

and is fast to light and alkalis.

Analogous products have also been obtained from aminocarbazol-

sulphonic acid and chlordinitrobenzene.

f

In the following list the names of a number of nitro dyes are given

which have never, or only for a short time, attained any practical

importance, and at the present time are not utilized at all for

dyeing textile fibres :

Phenyl Brown is impure dinitrophenol.

Picrocyamic acid, or Isopurpuric acid, is obtained by heating picric

acid with potassium cyanide ; according to Nietzki it has the formula

O2N

OH
NH2

N02

its ammonium salt was formerly sold as " Grenat soluble.^^

Salicyl Yellow is a mixture of several dyes which are obtained

by the action of nitric acid upon monobrom-salicylic acid. It dyes

beautiful shades, which are, however, expensive and very fugitive to

light.

Palatine Orange is tetranitrodiphenol

:

oh/ \oh
* D.R.P. 263655 ; E.P. 13672/12, etc. t D-RP. 282317.
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and is produced by the action of nitric acid upon diazobenzidine.

It has been used for colouring paper, and is faster than most other

nitro dyes.

Aurdtine is tetranitrophenolphthalein.

Safrosine is a nitrated dibrom-fluorescein.

Sun Gold is tetranitronaphthol ; it affords dyeings on wool and silk,

which are as beautiful as they are fugitive.

Aurantia is hexanitrodiphenylamine :

(N02)3 . C6H2-NH-C6H2 . (N02)3

and is formed on nitrating diphenylamine ; it gives a very beautiful

orange, but is no longer used as it causes skin eruptions.*

Amongst the nitro dyes are also to be reckoned a number of products

which are obtained by nitrating colouring matters belonging to other

groups. Thus, on treatment of the azo dye Orange IV {q.v.) several

nitro compounds are obtained which are placed on the market under

names such as Azo Yellow, Azo Acid Yellow, Azoflavine S, Indian
Yellow, Citronine. Nitration of Alizarin yields Alizarin Orange, whilst

Methylene Green is obtained in a similar manner from Methylene Blue.

These dyes are discussed elsewhere and are not generally included amongst
the nitro dyes.

Further, the Soc. Anon, des Mat. Col., St. Denis, have patented the

nitro dyes obtained by nitrating Magenta and Methyl Violet ; they have,

however, found little application.

Finally, the colour lakes obtained by the action of formaldehyde

upon nitro-amines may also be included amongst the nitro dyes.

Thus by condensing formaldehyde with 1:2: 4-nitrotoluidine

(m.p. 107°) Pigment Chlorine GG (M.L.B.) is obtaihed,t to which the

following formula is ascribed :

CH3 CH3
/\-NH-CH2-NH-/\

NO2 - NO2

Lithol Fast Yellow GG (B.A.S.F.) is said to be obtained in a similar

manner from 3-chlor-6-nitraniline.f

These insoluble colours serve for the preparation of colour lakes in

the paint and varnish industry, and as discharge pastes in calico printing.

* This substance is, like Picric acid, a high explosive, and was used to a certain

extent mixed with T.N.T. for (illing German aeroplane bombs, etc., dming the war.

t D.R.P. 158543. -

J D.R.P. 212594.

X
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All substances possessing formulae of the general type R—N=N—

R

are termed azo compounds. They contain, therefore, the charac-

teristic azo group —N=N— , the two free valencies being united

to aromatic radicals. The simplest aromatic azo derivative is azo-

benzene, CeHs—N=N— CeHs. The phenyl groups may be replaced

by a considerable number of other groups such as tolyl, xylyl, and, in

particular, naphthyl radicals etc., so that the number of possible azo

compounds is very large and additions to this class of colours are made
almost daily by the utilization of old and new components.

This class is, in fact, bj^ far the most comprehensive group of dyes.

The azo compounds having a structure similar to that of azobenzene

are indeed all of them coloured but they are not dyes ; owing to the

presence of the chromophoric group —N=N— they are chromogens
and may be converted into dyes by the addition of salt-forming (auxo-

chromic) groups to the molecule such as —OH or —NH2, etc. (and also

-SO3H, and -COOH) (cf.' Introduction).

Azo dyes are prepared almost without exception from primary

amines by conversion into the corresponding diazo compounds with

the aid of nitrous acid and then allowing the latter to react with phenols,

amines or their derivatives {Griess' Reaction). The primary amine
which is diazotized is usually referred to as the " active " azo component,
the phenol or amine with which it is coupled being termed the " passive

"

component.

For the successful diazotization of the amine with nitrous acid it

is necessary to establish certain conditions of concentration, temperature

and so on for each case, since the various amines behave very differently

during the operation.

Thus, Marckwald f found that, of the three amino pyridines, only

the j3-derivative can be smoothly diazotized. Amino groups which
occupy an ortho position to an azo group (e.g. the azo derivative of

j3-naphthylamine) cannot in general be diazotized, whilst in the case

of ^-aminoazo compounds the reaction with nitrous acid takes place

readily. Difficulties are also encountered on attempting to diazotize

* Those desiring a more detailed discussion of the subject may be referred

to the following works :

C. Biilow, Chemische Technologic der Azojarbstoffe.

Heumann-Friedlander-Schiiltz, Die Anilinfarben, vols. iii. and iv,

R. Pauli, Die Synthese der Azojarbstojfe, Leipzig, 1904.

t Ber., 31, 2496 (1898).
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1 : 2- and 2 : 1-aminonaphtholsulphonic acids, since in these cases the

nitrous acid exerts a strongly oxidizing action ; the process goes quite

smoothly, however, in the presence of a copper or zinc salt.*
"^ Ortho-nitrSited amines are also difficult to diazotize

; f the difficulty

increases with the number of the negative substituents. In the case

of polynitro-amines the diazotization is best carried out in cone,

sulphuric acid solution. Trinitraniline cannot be diazotized at all.

On coupling diazo compounds with phenols a number of regularities

have been observed, but at the same time it must be recognized that a

very considerable influence is exerted by ,the various factors such as

temperature, concentration of hydroxyl ions (whether alkaline with

sodium carbonate, or hj^drate), and so on, which obtain during the

reaction. Only the more important results which have been noted

can be discussed here.

J

Usually the diazo group enters the para position to an —OH
group which may be present ; if this position is already occupied

coupling takes place in the ortho position ; if this be also occupied then

either the para-substituting group is displaced or, more usually, no
azo dye is formed at all.

Several azo groups may be introduced into a phenol molecule, thus

in the case of phenol itself the first azo group enters the para position

to the — OH, the second into the ortho position, and the third into the

remaining ortho position, so that the following compounds are obtained

in succession :

(1)

OH

N=N- R

(2)

OH
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compounds are obtained belonging to the class of diazoamino

compounds which will be considered later *
:

/OH
C6H5N2C1+C6H4(N02) = C6H5N=--N-0-C3H4(N02)+HCl

K. H. Meyer has shown f that combination with phenols and phenolic

ethers takes place most readily with those diazonium salts containing

the most negative substituents. Thus the diazonium salt of 2 : 4-dini-

traniline is very reactive and couples very rapidly with the ethers of

resorcinol and naphthol even in acetic acid solution, whilst in these

circumstances a benzene diazonium salt does not react with the phenol

or phenolic ether. On the other hand, with negative groups in the

phenolic ether coupling is hindered and either takes place very slowly

or not at all. The following phenols are arranged in the order of their

facility for coupling :

Phloroglucinol, a-naphthol, resorcinol, jS-naphthol, catechol,

phenol, quinol, o-nitrophenol.

This order applies also to their respective ethers. In the diazo

coupling with these ethers the products are alkoxyazo derivatives,

hydroxy-azo derivatives or a mixture of the two, and it is assumed
that the result is due to the initial formation of an additive compound
by the addition of the diazohydroxide to a conjugated double linking

of the aromatic nucleus. J
It is also possible that when diazo compounds are coupled with

phenols, the hydroxyl groups are first attacked, and the 0-azo com-
pounds first formed are then transformed into the C-azo compounds.
By a suitable choice of components such intermediate products may
actually be isolated. §

Polyhydroxy derivatives will also couple : e.g. catechol, pyrogallol,

hydroquinone (though only in the form of its benzoate),|| and resorcinol

in particular, which can yield monoazo-, disazo-, and trisazo- derivatives

according to the proportion of diazo compound used. In the cases

of the monoazo and disazo compounds, position isomers are possible

and are actually known ; thus, according to whether caustic alkali

or carbonate is used, either the symmetrical or vicinal disazo compound
is produced. A similar behaviour to that of resorcinol is exhibited by
m-hydroxybenzoic acid.^

A general explanation of the mechanism of the azo coupling has
been suggested by Karrer,** who assumes that the diazonium salt (or

hydroxide) first attaches itself to the oxygen of the aromatic alkoxyl

* Picric acid yields only the picrate corresponding to the diazo compound.

t Ber., 47, 1741 (1914).

X K. H. Meyer, ibid.

§ O. Dimroth and Hartmann, Ber., 41.4012 (1908); Auwers, Ber., 41, 4304
(1908); O. Dimroth, Leichtlin, and Friedemann, Ber., 50, 1534 (1917).

II
Witt and Johnson, Ber. 26, 1908 (1893) ; Witt and Mayer, ibid., 1072 (1893).

^ Grandmougin and Freimann, Journ. fiir prakt. Ghem., 78, 407 (1908).
** P. Karrer, Ber., 48, 1398 (1915).
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or hydroxyl groups, or to the nitrogen of the aromatic base to form
respectively an oxonium or ammonium salt

:

N R
(1) C6H4H.O-R+R'.N2-OH == C6H4H-O-N2R'

OH
/R R\/R'

(2) CeHiH.N^ +R".N2.0H - C6H4H-N-N'R"
\R' ^

I

OH

From the oxonium salt by elimination of water one obtains

R'N2 . C6H4 . OR, and by elimination of ROH the products R'No . . CeHs
and R'N2.C6H40H, and actually all these possibilities have been
realized in practice.

Similarly from the ammonium salt by elimination of water

one obtains R"N2.C6H4.NRR', and by removal of ROH, the products

R"N2.NR'.C6H5 and R"N2.C6H4.NHR' are formed.

Examples of these three reactions have been noted ; the third occurs

when di-iso-amylaniline is coupled with diazobenzene sulphonic acid,

one of the heavy alkyl groups being eliminated.*

w-Hydroxyazo compounds cannot be obtained by direct coupling,

but may be prepared by indirect methods ; they have no technical

importance.

As regards the coupling of diazo compounds with amines the

conditions in the benzene series are as follows

:

Primary amines yield, first of all, the so-called diazoamino compounds
;

thus diazoaminobenzene is formed from diazonium chloride and aniline :

C6H5N2CI+C6H5NH2 = CeHsN-N-NHCeHs+HCl

A second azo group may be introduced, though with greater diffi-

culty, by working in alcoholic-alkaline solution, leading to the forma-

tion of bisdiazoaminobehzene.

In general, diazoamino compounds are formed very easily in the

benzene series if an insufficieiit amount of mineral acid be present during

the diazotization ; care must therefore always be taken that an excess

of an acid is present (for aniline approx. 2|-3 mols. HCl to 1 mol. aniline

and 1 mol. NaN02).
A similar behaviour to that of aniline is shown by o-toluidine and

m- and ^-xylidine. If the diazoamino compound be heated in a dry

state with aniline and some aniline hydrochloride to 40° C. it is converted

into aminoazobenzene (higher temperatures are to be avoided as other-

wise blue Induline colours are formed). According to Kekule the process

may be represented in the following way :

C6H5N=N-:NHC6H5+H;C6H4NH2 - C«H5N=N-C6H4NH2+C6H5NH2

* Karrer, Ber., 48, 1398 (1915). C/., however, K. Meyer and V. Schoeller,

Ber., 62 [B], 1468 (1919).
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The process may, however, also be regarded as being a nuclear

substitution due to molecular rearrangement

:

/N-N-N-CeHs

-H^

During the aminoazo rearrangement, the azo group enters into the

^ara-position to the amino group ; if this is occupied, as is the case

with _p-tohndine, an o-aminoazo compound is formed, e.g. :

\CH3 CH3-I

In the cases of m-toluidine, ^-xylidine and aminocresolether

(CH3 : NH2 : OC2H5= l : 3 : 4) the diazoamino compounds rearrange

themselves at once into the aminoazo compounds ; these bases are,

therefore, very suitable for use as middle components for secondary

dis- or poly-azo colours.

In the benzene series the ^-aminoazo and also the o-aminoazo

compounds can be readily diazotized ; in the naphthalene series, as

already mentioned, the o-aminoazo compounds are incapable of further

diazotization.

Certain peculiarities have been observed in the preparation of diazo-

amino compounds ; thus from benzenediazonium chloride and p-

toluidine the same compound is obtained on rearrangement as from
p-toluenediazoniumchloride and aniline. The following anomalous case

has also been noted :

/CHgd) /CH3
C6H5N=N-NHC6H5-f 2C6H4( - CeHZ .CHg-f 2C6H5NH2

\NH2(4) \N=N-C6H3(

Monoalkylamines, such as monomethylaniline, also yield in some
cases quite stable diazoamino compounds which are capable of trans-

formation ; diphenylamine appears to yield at first a diazoamino com-
pound, though in the majority of cases the aminoazo dye is formed

directly.

Dialkylated amines, such as dimethylaniline, etc., couple smoothly

in the para position to the N(CH3)2 group.

Generally speaking, however, it is difficult to introduce more than

one azo group into a monoamino compound ; amines also couple with

greater difficulty than do phenols. If the p-position to an amino group

be already occupied, then either no coupling takes place, or the group

already present is displaced, particularly when it is a carboxyl group.*

* Scharwin and Kaljanov, Ber., 41, 2056 (1908).
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m-Aminoazo compounds, like the m-hydroxyazo compounds, cannot

be obtained directly, but only by circuitous routes.

Of the diamines the meta compounds react most readily ; thus

w-phenylenediamine with benzenediazonium chloride yields Chrysoidine :

NH2

x/NH2
N=NC6H5

the azo group entering into the para position to one NHo group and

oriho to the other (the so-called Chrysoidine law). A second azo group

can then be introduced which enters into position 6. The trisazo com-

pound does not appear to have been obtained as yet.

In the naphthalene series, which is of special importance for the

production of commercial colouring matters, the relationships are

somewhat different. The general rules governing the coupling process

are as follows :

From a-naphthol, o- and ^-azo dyes may be prepared ; with two

molecules of a diazo compound, 1:2: 4-disazo dyes are produced.

In the normal course of events, p-azo dyes are produced but, if the

para position is occupied, e.g. in 1 : 4-naphtholsulphonic acid, o-azo

dyes are formed, which is also the case if position 5 is substituted by a

sulphonic or other negative group such as NO2. Thus 1 : 5-naphthol-

sulphonic acid couples in 2, as also does the 1 : 4 acid, or the 1-naphthol-

4 : 8-disulphonic acid. l-Naphthol-3:8-disulphonic acid (so-called

Andresen's acid), however, couples also in 2, in spite of the free 4

position, as also does l-naphthol-3-sulphonic acid.*

l-Naphthol-2-carboxylic acid forms a 4-azo derivative in the normal

manner ; if, however, a further molecule of a diazo compound be alloVed

to. react, the carboxyl group is eliminated with formation of the disazo

compound of a-naphthol.

f

j8-Naphthol couples only in 1 ; o-hydroxyazo compounds are there-

fore always formed. The products prepared with unsubstituted amines

are insoluble in water or alkalis ; upon this fact depends the production

of jS-naphtholazo colours upon the fibre. The sulphonic acids of jS-

naphthol couple in a similar way ; whilst, however, the 6-sulphonic

acid (Schaeffer's acid) couples rapidly, the 8-sulphonic acid (Croceifn

acid) reacts considerably more slowly. The same difference is exhibited

between R acid (2:3: 6-disulphonic acid) and G acid (2:6:8-

disulphonic acid).

2 : 3-Naphtholcarboxylic acid (m.p. 216°) couples smoothly with

diazo compounds in position 1, but 2-naphthol-l-carboxylic acid

yields the azo derivative of i8-naphthol with elimination of the ca rboxyl

* For exceptions in which a partial or complete coupling takes place in the

para position, see Bernthsen and Julius, Chcm. Ztg., 1903, 846 ; L. Gattermann,

and H. Liebermann, Ann., 393, 198 (1912).

t Grandmougin, Ber., 39, 3609 (1906).
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group. From the dihydroxy derivatives, which contain the hydroxyl

groups in different nuclei, mono or disazo compounds are produced ;

in the case of 1 : 8-dihydroxynaphthalene, the coupling takes place

para to the hydroxyl groups, but in the 2 : 6- and 2 : 7-dihydroxy-

naphthalenes, in the ortho position *

In general, the or//to-hydroxyazo dyes are the more valuable ; they

are distinguished by their redder shade from the more orange para-

hydroxyazo colours and the brown disazo dyes. Further, the unsul-

phonated or^^o-hydroxyazo compounds are insoluble in aqueous alkalies

in contrast to the para derivatives.

In the naphthalene series, no diazoamino compounds are formed
on coupling diazo compounds with amines, but aminoazo derivatives

are obtained directly, or the diazoamino compounds which may possibly

be first formed undergo immediate rearrangement. a-Naphthylamine
yields joara-aminoazo compounds, which have the valuable property of

being further diazotizable. ^-Naphthylamine yields o-aminoazo dyes,

which no longer possess this property. A further reaction cannot,

therefore, take place in the case of /?-naphthylamine, whilst with a-naph-

thylamine a second azo group can be introduced in the ortho position

to the amino group.

Where the para position is already occupied (e.g. naphthionic acid),

the azo group enters in 2 ; it may be noted that in the case of 2-naphthyl-

amine-6 : 8-disulphonic acid (amino-G-acid) coupling either does not take

place, or only with difficulty, in spite of the free 1 position.
"f"

The ortho-SiZo dyes as such are usually the more valuable ; if, hoAvever,

the aminoazo compounds are to be further diazotized and coupled, then,

as already mentioned, only the ^ara-azo dyes can be utilized, since in

other cases the amino group is not usually diazotizable. Such " disazo-

dyes," owing to the presence of the two azo groups in the para position

to one another, show a certain similarity with the benzidine colours,

which will be discussed later, as they behave very similarly to the

substantive colours, particularly if the two end components contain

auxochromic groups.

Many aminonaphtholsulphonic acids yield different dyes according

to whether the coupling with the diazo compound takes place in acid

or alkaline solution, the OH group in the one case and the NH2 group in

the other exerting a directive or " orientating " influence upon the

entering azo group.

Thus, for example, -y-aminonaphtholsulphonic acid,

OH

S03lF/\

-NH.

* D.R.P. 108166; E.P. 9502/99.

t Whether coupling takes place or not depends frequently upon the nature of

the diazo compound used, for which reason diazo bodies which couple easily are

sometimes referred to as being " strong." The combination is also facilitated

by an excess of the passive component.
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combines in acid solution to give

OH /N-N-R
-NH2

whilst in alkaline solution it yields

OH
R-N-N-/Y\-NH2

SOsH/'x/x/'

(where R is an aromatic radicle) ; only one azo group, however,

can be introduced.

A similar behaviour is shown by H-acid,

OH NH2

SOsH^ \y\/\S03H

but with the difference that two azo groups may be introduced, the

one by alkaline-, the other by acid-coupling ; also the two azo groups

may be different as in the compound

OH NH2
R-N=N\/\/\/N-N-R'

S03H/\/\/\S03H

Diamino-, dihydroxy-, hydroxyamino-naphthalenes and their sul-

phonic acids behave, therefore, in the following way during the coupling

process : naphthylenediamines behave in a similar way to the dihydr-

oxy-naphthalenes ; 1 : 8-diamino- or dihydroxy-naphthalenes yield

para-&zo dyes ; 2 : 6- and 2 : 7-diamino- or dihydroxy-naphthalenes yield

ortho-duzo dyes ; 2 : 8-diamiho- or dihydroxy-naphthalenes yield para-

azo dyes in alkaline solution, and ortho-a,zo dyes in acid solution. In

the cases of 1 : 8-diamino- or dih3^droxy-naphthalene-4-sulphonic acid,

the azo group goes into 7 ; with 1 : 8-diamino- or dihydroxy-naphthalene-

3 : 6-disulphonic acids, the substitution occurs in 2 or 7.

The relationships in the case of the aminonaphtholsulphonic acids are

somewhat complicated ; Biilow * divides them into several classes :

(1) Those which either do not couple at all, or only do so under special

conditions ; to this class belong sulphonic acids of 1:2- and 2 : 1-amino-

naphthols.

(2) Those which couple with ease under all conditions and always

give the same product, e.g. 1 : 8-aminonaphthol-5 : 7-disulphonic acid.

(3) Those which yield orf^o-aminoazo dyes in acid solution and

* Chem. Ztg.^ 19, 1011.
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or^^o-hydroxyazo dyes in alkaline solution ; e.g. 1 : 8-aminonaphthol-

3 : 6-disulphonic acid (H-acid), 2 : 8-aminonaphtllol-6-sulphonic acid

(-y acid), and 2 : 5-aminonaphthol-7-sulphonic acid (J-acid). In many
cases, e.g. 1 : 8-aminonaphthol-4- and 5-sulphonic acids, disazo dyes

are produced in alkaline solution.

The general rules, therefore, as to the methods of formation of azo

dyes may be formulated thus :

(a) From phenols

:

The salt of a primary amine is first treated with sodium nitrite

and hydrochloric acid with ice-cooling, a diazo compound being

formed, e.g.

C6H5NH2.HCl-fNaN02+HCl = C6H5.N2.Cl+NaCl+H20

The diazonium chloride so formed is now combined with the phenol

by allowing its solution to run very gradually into the alkaline solution

of the phenol, e.g. :

CeHs.Ni.Cl.+CeHsONa+NaOH = C6H5.N=N.C6H40Na+NaCl+H20

Care must be taken that the solution remains alkaline, since the presence

of free mineral acids hinders the formation of the dye. A large excess

of strong alkali must also be avoided, as otherwise the diazo compound
is converted into the inactive form, and either no coupling takes .place

or it is incomplete.

After the solution of the diazo compound has been added to that

of the phenol, the mixture is allowed to stand for the reaction to com-
plete itself. In many cases the dye is precipitated as a difficulty soluble

alkali compound, in other cases it remains in solution and is either

precipitated as a salt by the addition of common salt, or is separated

in the free form by the addition of acid.

(6) From amines

:

The general process is the same, except that the coupling of the

diazo compound with the amine takes place in neutral or faintly acid

solution, e.g.

R.N2.C1.+R'NH2 = R.N=N.R'NH2+HC1

If the amine is only sparingly soluble in dilute acid, as is the case

with many aminosulphonic acids, the diazotization is carried out in

the following way : the solution of the nitrite is united with that of

the alkali salt of the amino acid, and this mixture is allowed to run into

hydrochloric acid or the latter is added to it.

Naphthylamines and their sulphonic acids, as also dihydroxy-,

diamino- and aminohydroxy-naphthalenes, when used for the production

of simple azo dyes, are combined with the diazo compound in acetic

acid or weak hydrochloric acid solution.

After the azo dye has separated it is usually merely filtered in filter-

presses, washed and dried ; only occasionally is it submitted to further

treatment. Thus, for example, certain dyes, which are sensitive to

alkalis owing to the presence of an hydroxyl group, are alkylated (e.g.

Chrysophenin and Diamine Golden Yellow) ; others, again, which are
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formed from 1 : S-naphthylenediaminesulphonic acids (as passive

components) are treated with nitrous acid, by which means the two
amino groups in the peri positions (which make the dye unstable) are

N:N-NH

converted into an azimido group, /\/\ (^g- Brilliant Orseille

•

1 -I I

C, of L. Cassella & Co.).

A second method for making such azo dyes faster consists in treating

them with acetone in faintly acid solution, the acetone molecule attaching

itself to one of the two amino groups.

The reaction leading to the formation of azo colours usually takes

place very smoothly with quantitative yields, so that in most cases the

amounts of the comj)onents which are needed are the molecular quantities

as shown in the respective equations. On diazotizing an amine, careful

cooling by means of ice is necessary, owing to the instability of the

resulting diazo compounds, but in the case of sulphonic acids of the

amines, this precaution is not always requisite.

The stability of diazo compounds varies considerably in different

cases ; thus, for example, diazosulphanilic acid and diazonaphthionic

acid are fairly stable, though even in these cases care must be taken

on drying owing to the danger of explosion. The diazo compounds
of o-anisidine, of dianisidine, and of 1 : 2-aminonaphthol-4-sulphonic

acid show remarkable stability, since they may be heated to about
100° C. without decomposition and may even be nitrated and
sulphonated.

Again, anthraquinone-1-diazonium chloride can actually be recrys-

tallized from boiling water, whilst anthraquinone 1 : 4-bis-diazonium

chloride can be salted out from its boiling aqueous solution.*

Of recent years, so-called " stable diazo compounds " which may be

transported in the solid state have been prepared in various ways ;

they are used for the production of azo colours upon the fibre.

According to patents of the Hoechst Farbwerke, diazo compounds

may be obtained in a stable condition by evaporating their strongly

acid solutions at 45° C, and mixing with incombustible substances ;

or the diazo solution may be brought into the solid form by the addition

of anhydrous aluminium sulphate.

f

L. Cassella & Co. diazotize in concentrated sulphuric acid solution

and then add sufficient dehydrated sodium sulphate to form the bisulphate.

Finally, salts may be prepared from diazo compounds and naphthalene-

or naphthol-sulphonic acids which are characterized by considerable

stability (Soc. de prod, chim., Thann, and Becker).

The combination of diazo compounds with phenols sometimes takes

place with difficulty, and in a different manner from that already

described, though the cause of this behaviour has not yet been

ascertained.

In certain cases again the reaction between diazo compounds and

* A. Schaarschmidt, Ber., 49, 2678 (1916).

t It is possible that an alum of the diazo compound may be formed ; cf. Grand

-

mougin, Rev. Ocn. Mat. Col., 11, 234.
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amines or phenols takes an altogether abnormal course ; these deviations

from the ordinary rule may be noted here :

On allowing diazosulphanilic acid to act upon aniline hydrochloride,

the reaction takes place in the normal manner to a small extent, leading

to the formation of aminoazobenzenesulphonic acid :

/SO3 /SO3H
CeH/

I

+C6H5NH2.HCI = CeH/ +HC1
\N2 \N=N-C6H4NH2

Diazosulphanilic acid.

at the same time a peculiar atomic migration occurs, the diazo and

amino groups changing places, leading finally to the formation of amino-

azobenzene and sulphanilic acid :

/SO3 /SO3H
CeH/

I

+C6H5NH2.Ha = CeH/ +C6H5-N2-CI
\N2

.
^NH2

C6H5-N2-CI+C6H5NH2 - C6H5-N=N-C6H4NH2.HC1
Aminoazobenzene.

The reaction between diazosulphanilic acid and benzeneazo-a-

naphthol should in the normal way take place thus :

/SO3 /OH /SO3H /OH
CeH/

I
+C]oHe-N=N-C6H5 - CeH4-N=N-Ci()H5-N=N-C6H5

^N2

actually, however, the following compounds are formed :

/OH /OH
CioH5= (N=--N-C6H5)2 and CioH5= (N=N-CeH4S03H)2

1 : 3-Diazobenzoic acid behaves in this respect in quite the same
way as diazosulphanilic acid.*

The process involved in these cases consists simply in the replacement
of azo groups by diazo groups, a phenomenon which is frequently observed
and which is reminiscent of the elimination of carboxy1 groups, f

Thus 2'«ra-nitrobenzeneazosalicylic acid may be obtained from
benzeneazosalicylic acid by the action of ^'-nitrodiazonium chloride

(a small quantity of phenoldisazonitrobenzene being formed at the

same time by elimination of a carboxyl group) :

/OH /N2CI /OH
CeH3-C00H + CeH4 - CeHs-COOH + CeHsNvCl

\N=NC6H5 \N02 \N-:NC6H4N02

Lastly, we may mention that the diazo compounds of certain

* Noel ting and Grandmougin, Ber., 24, 1601 (1891).

t Grandmougin and Guisan, Rev. Gen. Mat. Col., 12, 129 (1908) ; Lwoff, Ber.,

41, 1906 (1908).



84 DYE CHEMISTRY

aminonaphtholsulphonic acids can " couple with themselves "
; e.g.

y-aminonaphtholsulphonic acid :

HO3S

NH2 yields

OH

-N=N-

the structure of which has been shown by its conversion into ;

H03S/\y\/
on treatment with reducing agents.*

Other Methods of Formation of Azo Compounds.—According to
W. Lob f certain azo compounds may be obtained by the electrolysis

of nitro compounds, or of a nitro and an amino compound, which
cannot be obtained by the above general method (Griess' reaction).

Azo bodies also result from nitroso compounds and hydrazines
(with elimination of nitrogen) ; also from nitroso compounds and
amines, e.g. :

C6H5N;0+H2:N.C6H4NH.C2H30 = C6H5-N=N-C6H4NH. C2H3O+H2O

Lastly, by the action of NO upon dialkylanilines (though probably
only in the presence of oxygen) :

2C6H5
. N(CH3)2+2NO -> (CH3)2 . NC6H4~N=N-C6H4 . N(CH3)2

(the so-called Azylines of Lippmann and Fleissner }).

Synopsis of the Different Classes of Azo Dyes.

An extraordinary number of azo compounds may be synthesized by
means of the reactions which have just been discussed.

By allowing a diazo compound to act upon a phenol an hydroxyazo
dye is formed ; e.g. benzenediazonium chloride and jS-naphtholsul-

phonic acid yield :
" -:^sr-Tr9rs^- ^-

/OH
CoH5N=:N—C]oH5—SO3H, benzeneazo-j8-naphtholsulphonic acid.

Aminoazo dyes are formed from diazotized amines and amines of

the naphthalene series, thug diazotized aniline and j3-naphthylamine
yield :

CeHsN—N—CioHe—NH2, benzeneazo-/3-naphthylamine.

* D.R.P. 92012 (M.L.B.).

t Ber., 31, 2201 (1898); cf. also K. Elbs, Zeitschr. f. ang. Chem., 1899, 389.

t M. f. Ch., 1882, 705.
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Both of these substances contain only one azo group ; they are

therefore monoazo derivatives, i.e. Monoazo dyes.

This main group of monoazo dyes comprises various sub-groups,

in particular the hydroxyazo dyes (" oxyazo " dyes) in which the azo

component is a phenol, and the aminoazo dyes which are obtained by
coupling with an amine. Further, those monoazo dyes which are derived

from carboxylic acids (e.g. salicylic acid) may also be regarded as

belonging to a special sub-group, since they exhibit special charac-

teristics on dyeing.

In addition, dyes are also known which contain two azo groups

and are therefore known as Disazo dyes.

They may be obtained by diazotizing the amino group of a mono-
aminoazo compound and then coupling up with an azo component.

Thus, a disazo dye may be obtained from diazotized aminoazobenzene

and |3-naphtholsulphonic acid :

/OH
C6H5N-N-C6H4-N=N-CioH5-S03H [Cloth Red G (By.)]

Such a dye is termed a secondary disazo dye, because it is a secondary

derivative of a monoazo dye.

Primary disazo compounds may be obtained by two methods : in

the first place the two amino groups in a j9-diamine such as benzidine,

tolidine, dianisidine, etc., may be diazotized and the tetrazo compound
so obtained coupled with two molecules of the same azo component
or of two different components.

Thus from benzidine and two molecules of salicylic acid the disazo

dye Ghrysamine is produced :

H0\ - /OH
)C6H.3N=N-C6H4-C6H4-N-N-C6H3(

HOOC/ \COOH

or from the same diazo component and one molecule each of salicylic

and naphthionic acids the mixed disazo dye, Benzo Orange, is formed :

H0\ /NH2
;C6H3-N-N-C6H4-C6H4-N=N-CioH5(

HOOC/ \SO3H

Primary disazo dyes may also be obtained by allowing two mole-

cules of the same or of different diazo compounds to act upon certain

azo components. Thus phenol, resorcinol, m-phenylenediamine and
a-naphthylamine will react with two molecules of a diazo compound
to form disazo derivatives.

Further, in the naphthalene series in particular, aminonaphthols
may be utilized by forming the o-aminoazo dye by coupling with one
molecule of a diazo compound in faintly acid solution, and then allowing

a second molecule of a diazo compound to couple in alkaline solution,

the new group entering the ortho position to the hydroxyl.

An example of this is Naphthol Blue-Black, which is produced
from H-acid by acid coupling with ^J-nitrobenzenediazonium chloride,
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and then again coupling, this time in alkaline solution, with diazotized

aniline ; this dye has therefore the following structure :

CeHs-N-N-

NaOaS-

OHNH2
J ^̂

-N=N-C6H4N02

\/\/ -SOsNa

Further, Trisazo dyes, with three azo groups, may be prepared, as

also Tetrakisazo dyes, with four azo groups, or indeed Polyazo dyes

with several azo groups. Such colours are manufactured to a certain

extent in the solid form, but are also frequently produced by develop-

ment of a disazo dye upon the fibre itself.

It is obvious that the production of trisazo colours may be effected

in many ways ; thus we may start with a secondary disazo colour con-

taining one diazotizable amino group, diazotize this and then couple

again. A very important method consists in tetrazotizing a ^-diamine,

e.g. benzidine, tolidine, etc., and then coupling the tetrazo compound
with two different components, one of which is an amine, such as a-naph-

thylamine. By this means an aminoazo compound is produced which
can be further diazotized and yields a trisazo dye with fresh

components.

Thus, for example, by coupling tetrazobenzidine with 1 mol. a-

naphthylamine, rediazotizing and then combining with 2 mols. 1 :
8-

dihydroxynaphthalene-4-sulphonic acid the following azo colour is

produced

:

OH OH OH OH

-N-N--<z>-<z>

SOjH
Benzo Indigo Blue (By.).

whilst by coupling with H-acid in alkaline solution Diazo Blue-Black

(By.) is produced. For the sake of clearness a simplified method of

formulation has been introduced ; thus Benzo Indigo Blue may be

denoted by the following scheme :

-^a-naphthylamine—> 1 : S-dihj^droxynaphthalenesulphonic

Benzidine^ acid

^1 : 8-dihydroxynaphthalenesulphonic acid

and Diazo Blue-Black by a similar scheme :

^a-naphthylamine—>H-acid (alk.)

Benzidine,

^H-acid (alk.)

Since in the case of the latter dye the coupling takes place in alkaline
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solution, the colour still contains two free amino groups ; in consequence

it may be further diazotized on the fibre, and on coupling with a so-called

" developer," yields a pentakisazo dye.

The preparation of a trisazo dye may, however, also be carried out

by coupling the tetrazo compound with two different components, of

which the one is an aminonaphtholsulphonic acid to which a further

diazo component may be coupled either at the beginning or at the end

of the process.

A typical example of this is Diamine Green G (C), which has the

following structural formula :

OH NH2
J I

^ ^

H0-< >-N^N-< >-< >-N:^N-|^A^ N=N-< yNQ2

COOH NaOsS/k/vAsOsNa
Salicj'lic acid. Benzidine. H-acid. p-Nitraniline.

or in the simplified form :

(a(alk.) (acid)

H-acid <— ^-nitraniline

Benzidine('

^Salicylic acid

Besides the methods already given, other processes may be utilized

for the production of trisazo colours, and with a larger number of azo

groups the possible methods of preparation become still more numerous.

A survey of all possible methods cannot be given here, and in any case

other examples will be seen when we come to discuss the actual com-

mercial dyes.

It must here be noted, however, that the manner in which the

reaction is carried out and the sequence of the operations is of

great practical importance.

As already mentioned, polyazo dyes are frequently produced on the

fibre by preparing, for example, a trisazo dye which contains diazo-

tizable amino groups, diazotizing this, and then combining with suitable

developers (phenols or amines) (cf. Diazo Blue-Black, su2>ra).

It is also possible to choose as end components phenols or amines

which are capable of combining further with diazo compounds. Thus,

for example, the dyes known as Para Bronze (By.)

:

-^H-acid—> Resorcinol

m-Phenylenediamine V

Resorcinol

or

^H-acid—> m-Phenylenediamine

m-Phenylenediamine^
^m-Phenylenediamine

may be converted on the fibre into pentakisazo dyes by the action of
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diazo compounds (particularly that from p-nitraniline) which can attach
themselves to the resorcinol or m-phenjdenediamine groups.

Whilst the general system of nomenclature which we have already
used, e.g. primary disazo dye, trisazo dye, etc., serves a useful purpose
and is universally employed, the further question as to how the particular

constitution of an azo dye may be expressed in words has not so far

found a satisfactory solution. All such attempts break down in the
case of complicated azo colours, for which indeed it seems almost
impossible to invent a simple and intelligible system of nomenclature.
Complicated systems have been proposed by Biilow and R. Pauli,

but have never met with general acceptance ; but that proposed by
H. Bucherer * appears, owing to its simplicity, to be of real practical

value.

Bucherer adopted in the first place the suggestion put forward by
G. Schultz that in describing an azo dye the names of the individual

components should be introduced unchanged. Their mutual union by
the group —N=N— is indicated by Bucherer by inserting the word
" diazo," if that one of the two components which has been used as a
diazo compound is placed first in the name of the azo dye. If, however,
the diazo group be derived from that component which is placed to the

right hand in the name, then the union is indicated by the term " azo."

Accordingly, the symbol A-diazo-B-azo-C would indicate that A and C
were used in the form of their diazo compounds ; the dye in question

is therefore a primary disazo dye. For a secondary disazo dye, B and
C would also be united by the word " diazo."

A disadvantage of this arrangement is that it does not show the

order in which the various components were united. Perhaps, however,
this drawback might be overcome, by indicating the order in which
the various diazo groups have been coupled up by means of figures

to be added to the words " diazo " and " azo."

Thus, for example, the symbol

G-diazo6-F-azo5-D-azo^-C-azo2-A-diazoi-B-diazo2-C-diazo3-Ddiazo4-E

shows that the dye in question, whose composition has been purposely

made very complicated, may be prepared in the following manner :

first 1 mol. B is allowed to act upon the tetrazotized diamine A, the

amino group in B is then diazotized and the two diazo groups, indicated

by diazo2 and azo2, are then united with 2 mols. of C ; the product
is then tetrazotized, coupled with 2 mols. D, again tetrazotized and
combined consecutively with E and with F ; finally G is diazotized and
allowed to combine with group F.

The Constitution of the Azo Dyes.

As regards the constitution of the azo colours, this is by no means
always so certain as might be imagined from the foregoing. Well
justified doubts have sometimes been expressed as to whether all hydroxy-
azo compounds are really true azo bodies and whether it would not be

* Zeitschr. J. Farben- und Textilchemie, 1903, 390.
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more correct in inany cases to regard them as hydrazones, that is to

say, as derivatives of phenylhydrazine, C6H5.NH,NH2.
The first piece of evidence pointing in this direction was due to

Zincke's synthesis of benzeneazo-a-naphthol *
:

OH

N_;N-C6H5

from a-naphthoquinone and phenylhydrazine, according to which this

compound should be regarded as a hydrazone :

+iH2iN.HN.C6H5
Phenylhyd razine

.

N—NH . CoHs

fH.O

a-Naphthoquinone,

The hydrazone formula affords a better explanation of the peculiar

behaviour of many hydroxyazo compounds than does the azo formula,

particularly for or^Ao-hydroxyazo dyes derived from jS-naphthol ; in

other cases, however, the hydroxyazo formula accords better with the

known facts.

If we compare these two forms, for instance in the case of hydroxy-

azo benzene :

(I) C6H5-N=N-C6H4.0H and (TI) C6H5-NH-N=C6H4=0
Azo form. Hydrazone form.

we see that they differ from one another as regards the position of the

mobile hydrogen atom, which in the first case is attached to oxygen

in the hydroxyl group, whilst in the second case it is united to nitrogen

as imine hydrogen.

It might be supposed that this problem could be easily solved by

splitting an ether or acyl derivative of hydroxyazobenzene by means
of a reducing agent, and then examining the products :

(I) C6H5-N=!=N-C6H40.C2H5—

>

C6H5NH2, H2N-C6H.1O.C2H5

and (II) C6H5N.C2H5- i
-N-C6H4=0^

C6H5NH . C2H5, H2N . C6H4 .OH

As may be seen from the above formulae, in the first case we ought

to obtain aniline and phenetidine, in the second case aminophenol

and ethylaniline.

* Ber., 17, 3026 (1884).
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Such experiments have actually been carried out by various investi-

gators, but, particularly in the case of the acyl derivatives, it has not been

found possible to obtain consistent results owing to the migration of

the acyl group, it being found, for instance, that in some cases the nitrogen

was acetylated and in others the hydroxyl group. Most investi-

gators in this field then assumed that the oriAo-hydroxyazo compounds
must be hydrazones, the para-hydroxyazo dyes being normal azo com-
pounds. Later, however, it was shown that the reaction noted above

is unsuitable for deciding this question, since 0-acyl derivatives * may
be transformed into the isomeric N-acylated compounds during the

process,f
It is probable, therefore, that we are dealing here with a question

of tautomerism, and we must assume that in the case of the ortho- and
of the pa^a-hydroxyazo dyes, both forms, the hydrazone form and azo

iorm, are capable of existence.

.According to A. Hantzsch's { investigations, both the ortho- and the

jsara-hydroxyazo compounds are hydrazones in the free state, whilst

their salts are true hydroxyazobenzene derivatives.

More recent investigations, however, by K. Auwers and his pupils,

tend to support the view that all hydroxyazo compounds, whether

formed from diazo components and phenol, or from hydrazine and
quinone, are a priori true benzene derivatives, that is to say, both oriho-

and ^ara-hydroxyazo compounds possess similar constitutions. § These

views agree with those put forward by Noelting and Grandmougin a

considerable time ago.||

Similar relationships probably exist in the case of the aminoazo

dyes, which may occur in tautomeric forms such as :

—

H
C6H5-N=N-C6H4NH2 and C6H5N-N=C6H4=NH

Aminoazobenzene. Phenylhydrazone of

quinoneimine.

The quinoid formula offers a better explanation of the inability of

o-aminoazo compounds of the naphthalene series to yield diazo compounds
than does the benzoid formula. In what follows we shall always make
use of the true benzoid azo formula, but it must be realized that the

possibility of the existence of quinoid derivatives is by no means
excluded.

Further, it may be noted that stereo-chemical considerations lead

one to expect that in the case of unsymmetric azo compounds,
R—N=N—R', two stereo-isomeric forms should be capable of existence

corresponding to the formulae :

R-N and R-N
II II

N-R" R'-N

* Oxygen-substituted derivatives.

t H. Goldschmidt and Osk. L5w-Beer, Ber., 38, 1098 (1905).

% Ber., 32, 3089 (1899).

§ Ber., 41, 415 (1908); Ann. Ghent., 359, 336 (1908).

II
Ber., 24, 1592 (1891); Bull. Soc. Ind. Mulh., 1892, 122.



AZO DYES 91

in spite of the fact that thousands of azo compounds have been pre-

pared, such examples of isomerism have never yet been detected with

certainty, although their existence has been shown in the case of the

diazo compounds by Hantzsch.

Reactions of the Azo Compounds.

Azo compounds often give characteristic colour reactions with

concentrated sulphuric acid, which may be used for their detection.

Probably these colorations are due to salt formation on the part of the

weakly basic azo groups ; it is, however, also possible that in certain

cases oxoniiim salts may be formed. Thus the monoazo compound
of phenol gives a yellow solution with cone, sulphuric acid, the disazo

compound^'an orange, and the trisazo stage a reddish-violet coloration.

Benzeneazo-j3-naphthol dissolves in cone, sulphuric acid with a magenta-

red colour, as also do the ortho-a,zo compounds of a-naphthol ; the

para-azo compounds of a-naphthol, on the contrary, give a violet-blue

reaction,' whilst the disazo compounds afford dirty green solutions.

The introduction of substituents causes typical alterations in the

colour : thus the sulphonic acid of the benzeneazo-j3-naphthol mentioned

above gives a magenta-red colour if the sulphonic group is in the benzene

nucleus {Orange II) ; if, however, the substitution is in the naphthalene

nucleus [Ponceau 4GB, Orange G, v.i.) it gives an orange-yellow

reaction. However, the rule is not by any means general ; the colour

obtained depends also upon the position of the sulphonic groups in the

naphthalene nucleus, since, for example, the Ponceaux R, RR, etc.

also give a cherry-red reaction.

a-Azonaphthalene is coloured blue with concentrated sulphuric

acid, and the same reaction is shown by many of its derivatives, e.g.

Fast Brown, Fast Red 0, Amaranth, etc., though here also the rule

is not absolutely universal.

Characteristic also, for example, are the green solutions of amino-
azobenzenemono- and di-sulphonic acid coupled with jS-naphthol [Cloth

Scarlet G (K), Double Scarlet (K)], whereas those bodies which have
the sulphonic group in the naphthalene nucleus mostly give a blue

reaction.

The coloured sulphuric acid solutions also frequently show charac-

teristic absorption spectra.*

In general, insoluble azo dyes are of no use in dyeing ; in certain

cases they are made soluble by sulphonating. Thus from aminoazo-
benzene, aminoazobenzenemono- and di-sulphonic acids are produced, the

first sulphonic group entering into the free _p-position to the azo group.

On nitrating benzene-azo-salicylic acid a mononitro derivative is obtained,

the nitro group entering para to the azo group ; from ;p-toluene-azo-

salicylic acid, however, in which the ^-position is occupied, an o-nitro

product is formed. On nitrating Orange IV (^-sulphanilic acid-azo-

diphenylamine) a mixture of o- and ^^-nitro compounds is obtained.

It is usually preferred to start with sulphonated or nitrated amines,

* Cf. Grebe, Ber., 26, 130 (1893) ; Formanek and Grandmougin, Spektralanaly-
tischer Nachweis kunat. org. Farbatqffe, II. 2, Lieferimg, Berlin 1912 (Springer).
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as by this means uniform products can be obtained with greater

certainty.

The azo group, as an unsaturated group, can add on sodium bisul-

phite ; e.g. Narcein is an addition product of Orange II (sulphanilic

acid-^-naphthol) with sodium bisulphite ; Azarine S is the addition

product of sodium bisulphite to the coupled product of dichloramino-

phenol and j3-naphthol.*

The alteration to a yellow shade on steaming of various red azo colours

upon bleached wool is also probably to be attributed to an addition

of sulphurous acid or a reduction to the hydrazo compound.

On cautious reduction the azo compounds can be converted into

hydrazo derivatives : R—N=N—R'+H2 == R—N—N—R'
; on more

H H
energetic reduction they are split up at the nitrogen double bond

:

R—N=N—R'4-2H2 = RNH2+R'NH2, so that one amino group

remains in each half. The amino components (i.e. diazo components)

are thus recovered unchanged, whilst an amino group is introduced

into the second azo component (the so-called passive component).

For instance, from aminoazobenzene, aniline is obtained together

with ^-phenylenediamine ; from benzene-azo-salicylic acid, aniline and

aminosalicylic acid ; from Orange II, sulphanilic acid and amino-

naphthol, and so on. In the case of derivatives with more than

one azo group, several products are obtained, e.g. :

R_N=N-R''-N-N-R'+4H2 = RNH2+R''(NH2)2+R'NH2

two amino groups being introduced into the middle components.

This splitting of azo colours is important in many respects, since

it is often used not only for determining the constitution of a d3^e, but

also to a considerable extent for the preparation of intermediate products.

Thus a mixture of o-toluidine and p-toluylenediamine for the manu-

facture of Safranine is obtained from aminoazotoluene
;

^-amino-

salicylic acid for Diamond Black from benzene-azo-salicylic acid

;

aminonaphthols for jS-naphthoquinone and its derivatives, from azo

compounds of ^-naphthol, etc.

The scission may be brought about by means of various acid-reducing

agents ; in the laboratory the tin-salt method,! ^^^ the hydrosulphite

method J have been found- very convenient. In the latter case the

fission takes place, according to Franzen and Stieldorf,§ in the following

manner

:

R-N-N-R'+2Na2S204+4H20 = RNH2+R'NH2+4NaHS03

the addition of a small quantity of zinc dust is recommended.

This splitting by means of reducing agents has been made the basis

of various titrimetric methods for estimating dyes. Since the reduction

products obtained are as £i rule colourless, the dye itself serves as an

* For a conception of these derivatives as sulphurous esters of the hydroxyl

groups, cf. Woroshtzow, Journ. f. prakt. Chem., 84, 514 (1911).

t O. N. Witt, Ber., 26, 3460 (1888).

X Grandmougin, Journ. f. prakt. Chem., 76, 124 (1907).

§ Journ. /. prakt. Chem., 76, 467 (1907).
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indicator, the end-point of the reaction being shown by the disappearance

of the colour. The first of these methods was devised by Limprecht,*

who recommended the use of a standardized stannous chloride solution

for determining the azo groups : a known weight of the azo compound
is boiled with a measured quantity of stannous chloride solution of known
strength until the liquid is bleached, the excess of reducing agent being

then determined with iodine solution. Later, Knecht and Mss Hibbert

replaced the stannous chloride by titanium trichloride : f a solution

of the latter is allowed to run into the boiling dye solution containing

an excess of hydrochloric acid until the colour is discharged. .Still

more convenient is the hydrosulphite titration method of Grandmougin
and Havas { which is carried out in the cold in faintly, acid solution.

To prevent oxidation these titrations are best performed in a stream of

CO2 or coal gas.

Attention, however, must be called to the fact that the hydrosulphite

fission does not always j)roceed in the normal manner ; thus ortho-

nitrohydroxyazobenzene with this method yields ^-hydroxyphenyl-

azimidobenzene-oxide
; § on occasion also sulphonic groups may be

easily introduced into the degradation products.

The tin-salt method also does not invariably cause a splitting in the

normal manner, semidine transformations and the like having been
observed.

II

Migration of the acyl group during the reduction has also frequently

been noted. ^ In spite of these exceptions, however, the fission of azo

compounds by reduction remains an extremely important analytical

aid.

The azo group is not usually split up by the action of sodium or

ammonium sulphides, so that these reducing agents may be used for

converting nitroazo compounds into aminoazo derivatives, a fact which
is sometimes of practical value ; thus, hj these means, Chromotrope

2B (2?-nitraniline-azo-chromotropic acid) may be converted into

Victoria Violet 438 (^-aminobenzene-azo-chromotropic acid) ; from
^-nitrobenzene-azo-salicylic acid, i^-aminobenzene-azo-salicjdic acid is

formed, etc.

The splitting up of azo dyes by oxidation is of less importance. It

may be carried out by means of Pb02 and dilute sulphuric acid or, as

was first observed by Lauth,** and more recently by 0. Schmidt,tt by
means of fuming nitric acid ; this method, however, would only be
made*use of in those cases where the reduction fission fails for some
special reason.

*. Ber., 11, 35 (1878).

t Ber., 36, 166, 1549 (1903); cf. also New Reduction Methods in Volumetric
Analysis, London, 1918.

t Ghem. Ztg., 1912, 1167.

§ Grandmougin, Ber., 39, 3929 (1906),

II
Noelting, Grandmougin; and Freimann, Ber., 42, 1378 (1909) ; Jacobson,

Ann. Ghem., 369, 1 (1909).

^ Willstatter and Veraguth, Ber., 40, 1432 (1907).
** Bull. Soc. Ghim. (3), 6, 94.

tt Ber., 38, 3201, 4022 (1905).
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According to Gius. Oddo and F. Puxeddu,* azo dyes may also be

split up by means of phenylhydrazine.

Constitution and Colour or the Azo Compounds.

The relationships subsisting between colour and constitution are of

special importance in the group of azo colours, not only on account

of their theoretical interest but also because a clear understanding

of the fundamental rules will often enable the technical chemist to decide

beforehand as to the most suitable choice of components needed to

produce some special dye.

The simplest azo bodies of the benzene series are usually coloured

yellow, orange or brown ; the colour depends upon the components,

especially in the sense that the colour is deepened by increasing the

number of groups. A colour is deepened especially by the auxochromic

groups OH and NH2 ; thus aminoazobenzene dyes yellow, diaminoazo-

benzene orange, triaminoazobenzene brown. The carboxyl group has

little influence on the depth of colour (cf. hydroxyazobenzene and
benzene-azo-salicylic acid), but from the tinctorial point of view it has the

great value of being able to form lakes, particularly if in the ortho position

to an OH group ; upon this fact depends the great technical value of

the salicylic acid azo dyes. The nitro group can, however, exert a

strong influence on the depth of colour ; thus by the introduction of a

nitro group in the jpara position tb the azo group, the greenish-yellow

benzene-azo-salicylic acid becomes orange. It has less influence when
in the w-position ; when ortho to the azo group its influence is somewhere

between the other two (cf. Flavazol and Persian Yellow (Gy.)t).

The sulphonic group is not usually reckoned as an auxochrome
;

it renders the dye soluble in water and suited in particular for dyeing

wool ; at the same time, however, it is not without influence on the colour,

thus Orange IV (p-sulphanilic acid-diphenylamine) is more deeply

coloured than Metanil Yellow (metanilic acid-diphenylamine).

Increasing the size of the molecule, particularly by the introduction

of naphthalene nuclei, deepens the shade very considerably ; by this

means red, violet, and blue dyes are obtained and the deepening in colour

may be carried right on into black.

In general the depth of colour increases with the size of the molecule
;

this rule, however, is not alwaj^s valid, since here also other factors may
come into play.

The following examples are instructive as illustrating the relaticJnships

between constitution and colour : on coupling R salt (jS-naphthol-3 :
6-

disulphonic acid) with various amines, the following series of technical

dyes are obtained : »

Aniline-R salt : Ponceau 20,

Xylidine-R salt : Ponceau 2R.

Cumidine-R salt -.Ponceau 4R.

Acetyl-2J-phenylenediamine-R salt : Azogrenadine.

a-Naphthylamine-R salt : Bordeaux B.

* Ber.i 38, 2762 (1905).

t Grandmougin and Guisan, Rev. Oen. Mat. Col., 1908, 129.
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With increasing molecular size of the amine, therefore, the colour

is deepened ; whilst, however, there is no great difference between

aniline and xylidine, it becomes distinctly noticeable between aniline

and cumidine. The introduction of naphthalene nuclei deepens the

colour to a very marked degree, upon which depends its great practical

importance in the technology of the azo colours.

If the amine component be left unchanged and" the phenol component

be altered, a series such as the following will be obtained :

Aniline-jS-naphthol.-6-sulphonio- acid : Brilliant Orange G.

Aniline-jS-naphthol-6 : 8-disulphonic acid : Orange G.

Aniline-jS-naphthol-3 : 6-disulphonic acid : Ponceau 2G.

Aniline-chromotropic acid :Chromotrope 2R.

Aniline-H-acid : Fast Acid Fuchsin B.

Further lists of a like character might be given ; they show that

certain regularities exist.

Whilst the acylation of the OH or NH2 groups makes the colour

lighter, alkylation deepens it in many cases, and frequently increases

the brilliancy of the shade very considerably. In this connection atten-

tion may be called to the commercial dyes Azoeosine G, Eosamine B,

Coccinine B (aminocresolmethylether-R-salt), which are characterized

by their brilliancy and bluish shade ; in a similar manner there are

obtained from the valueless ^-hydroxybenzeneazosalicylic acid the

commercial dyes Chrome Fast Yellow GG and Alizarin Yellow 5(7,

which are considerably more greenish {vide infra).

These are particularly simple cases, and the problem becomes far

more difficult as soon as we come to deal with the more complex colours.

Thus, for example, we shall have to consider later on two groups of acid

tetrazo dyes of the general type R—N=N—R"—N=N—R', which
may be either red if R" is a benzene nucleus, or black if a-naphthyl-

amine is used as a middle component.

The dye from tetrazobenzidine and two molecules salicylic acid is

yellow {Chrysamine G), whilst the colour from the same diazo component
and naphthionic acid dyes red shades {Congo) ; the coupled product,

therefore, from diazotized benzidine and one molecule each of salicylic

acid and naphthionic acid occupies an intermediate position ; it dyes
orange {Benzo Orange).

The shades tend more towards blue if, in place of benzidine, dimeth-
oxybenzidine (dianisidine) are used. Blue shades may be obtained,

as, for instance, in the case of Benzo Azurine G, which is prepared from
tetrazodianisidine and two mols. 1 : 4-naphtholsulphonic acid. The
dye, of course, derived from tetrazobenzidine and one molecule each
of 1 :4 naphtholsulphonic acid and naphthionic acid occupies an inter-

mediate position between red and blue ; it is violet {Azo Violet).

Particularly blue shades are shown by those dyes which are prepared
from H-acid (l-amino-8-hydroxynaphthalene-3 : 6-disulphonic acid), as

will be noted later.

Attention has already been called on several occasions to the basic

properties possessed by the azo group ; this is shown already in the
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case of the mother substance, azobenzene, which forms unstable salts

with acids.*

It is also shown by substituted azo derivatives even when these

contain acid groups. Thus benzene-azo-salicylic acid :

/OH
C6H5N=N—CeHsC

\COOH

forms a red salt with hydrochloric acid, indeed the sensitiveness to acid

shown by this colour has prevented its coming into more general use.

A considerable amount of research has been carried out on the constitu-

tion of these salts
; f they can hardly be regarded as involving the

addition of hydrochloric acid to the double linkage, e.g. :

/OH
CeHsN-N-CoHsC

H CI \COOH

since this affords no explanation of their deep colour. It might be

possible to regard these salts as possessing quinoid constitutions

;

further oxonium formulae have also been suggested, such as :

/COOH

H S^/'^
\ci

The introduction of several acid groups diminishes the basic character,

salt formation ceasing ; thus the nitrobenzene-azo-salicylic acids form

no salts with acids. On the other hand, they dissolve in alkalies with

an intense coloration, the deepening of colour again raising the question

whether a change from benzoid to quinoid form may not occur during

the salt formation.

In the case of nitrated hydroxyazo compounds in particular, the

formation of such intensely coloured solutions in alkali has been observed,

and it is perhaps possible that several forms of the salt may exist, J

such as

:

C6H4-N-N-R-OK and C6H4=N-N=R=0

"^NOa
' %-0

"^OK

That salt formation can occur in the case of the basic aminoazo

compounds is too obvious to need further emphasis.

In the case of aminoazobenzene itself two monohydrochldrides are

known, of which the ordinary steel-blue form is probably quinoid

:

/H
CeHsNH-N-CeHi^N-H

\C1

* Werigo, Ann. Chem., 165, 212.

t Cf. Jacobson, Ann., 367, 304; Ber., 36, 4093 (1903). Hewitt and Mitchell,

Trans. Chem. Soc, 91, 1251 (1907).

% Grandmougin and Guisan, Rev. Gen. Mat. Col., 12, 129 (1908).
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whilst the flesh-coloured form may have the structure :

CeHsN^N-CeHiNHa . HCl

Attention may here be called to the valuable researches of A. Hantzsch
and Hilscher * upon the yellow azoid and violet quinoid salts of amino-

azo compounds. In recent years the question has been attacked in

particular with the aid of physical chemistry, especially by means of

spectroscopy in the visible and ultra-violet portions of the spectrum
The change in colour of the indicator Methyl Orange (sulphanilic

acid-azo-dimethylaniline) from yellow to red on treatment with acid

may also be attributed to a change from the azoid to the quinoid form.f
As far as their dyeing poM^ers are concerned, the following facts

given by Nietzki are worth noting : the weakly basic aminoazo com-
pounds dye the fibre yellow but not the colour of their salts, which is

red. Chrysoidine (diaminoazobenzene) also gives yellow-orange dyeings

corresponding to the mono-acid salts, although here di-acid red salts

could also be formed. The symmetric diaminoazobenzene, isomeric

with Chrysoidine, containing the two amino groups in the two nuclei

is, like aminoazobenzene, valueless as a dye.

The sulphonic acids of aminoazo compounds show the red colour

of their salts
;

possibly this may depend upon the formation of an
internal salt between the sulphonic group and the basic group. On the

fibre, however, they show the yellow colour of aminoazobenzene ; this

is the case, for example, with the Methyl Orange already mentioned
which dyes wool a yellow colour from a red solution. In this case,

perhaps, the sulphonic group may be neutralized by the basic groups

of the fibre, connected with which is a transformation from the quinoid

to the azoid form. It would be interesting also to examine the relation-

ships between the constitution of the dyes and their affinity to various

fibres, as also the connection between constitution and their fastness

under different conditions. Finally, whilst all azo colours are more
or less suited for animal fibres, the property of being able to dye cotton

direct is possessed by only a limited number of them, chiefly those

derived from symmetrical bases. Certain dyes, however, prepared from
the aminonaphtholsulphonic acids, in particular those from J-acid

(2-amino-5-naphthol-7-sulphonic acid) also show a specific affinity for

vegetable fibres.

As regards their fastness, one finds among the azo colours some
which are very fugitive, together with others which can satisfy the most
exacting demands. Whilst Congo, for example, shows an extraordinary

lack of fastness, there are a great number of dyes belonging both to the

direct cotton colours and, more especially, to the acid and mordant
wool colours, which can fulfil all reasonable requirements.

The fibre also plays an important part. Whilst Diamine Fast Red
F, for example, is not fast on cotton, it shows quite a satisfactory fastness

on wool and silk. In many cases the lack of fastness is explained by
the constitution, and may be remedied by suitable treatment. Upon

* Ber., 41, 1171 (1908).

t Ber., 41, 1187 (1908); see also Ber., 41, 1986, 1989, 2435 (1908), etc.

5
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this fact depend the numerous development processes for cotton azo

dyes. The sensitiveness of Congo is due to the free amino groups
;

if these be neutralized in a suitable manner, the dye ceases to be sensitive

to acids {Solidogen treatment). The presence of free OH groups usually

causes sensitiveness to alkali ; on esterification this defect may be

considerably diminished or even quite removed [Chrysophenine).

Further relationships will be noted during the detailed consideration

of the dyes to which we now turn.

TECHNICAL AZO DYES.

The actual foundations upon which the structure of azo chemistry

was subsequently erected were laid by Peter Griess, who opened up the

field of the diazo compounds during the years 1858-66. Griess also

discovered the first examples of the amino- and hydroxy-azo compounds.
Aminoazobenzene, discovered by him in 1859, was introduced into

commerce for a short time as Aniline Yellow in 1861, and was thus the

first technical azo colour, whilst the first representatives of the

hydroxyazo dyes, hydroxyazobenzene and phenol-disazobenzene, did

not attain to any practical importance.*

Greater use was made of the triaminoazobenzene, or Phenylene Brown,

discovered by Caro and Griess in 1867, and about ten years later, of

Chrysoidine (0, N. Witt, 1876). Shortly after this the azo colours of

the naphthalene series derived from naphthalene and its derivatives

were discovered by Roussin, and thenceforward the number of azo

dyes began to increase very rapidly.

At the present day, the process for the preparation of the

majority of azo colours is one of the simplest operations of chemical

technology.

—

^

^ ^The importance of the azo colours is immense, their number alone

being considerably greater than that of all the remaining dyes together.

Many hundreds of azo dyes are known to commerce, whilst the number
of those described in the patent literature but which have remained

without practical importance, is almost inconceivable. The majority

are of an acidic character, being sulphonic acids, whilst the number
of basic dyes is limited.' The simplest dyes are coloured yellow to

orange ; by the accumulation of groups in their molecules they change

gradually to red, violet, blue, brown, and black. The lack of green

I

dyes is somewhat remarkable, a few sflch having been prepared only

I in relatively recent times. The number of greenish-j'^ellow colours is

Ualso very limited.

The basic azo colours can be used for the various animal and vegetable

/"nbres, though it is necessary to mordant the latter with tannin. The
/ numerous acid azo colours are pre-eminently wool dyes and dye wool

I and silk from an acid bath.

Whilst these dyes will not go directly on to cotton, a complete trans-

'v formation in the cotton-dyeing industry .was initiated by the intro-

* The now claissical method for the production of hydroxyazo compounds
from diazo compounds and phenylates is due to Kekule and Hidegh, Ber., 3, 233

(1870).



BASIC AZO DYES 90

duction of the so-called " Direct Cotton " colours {Congo, 1884), and the

number of dyes of this class now manufactured is very considerable.

The lack of fastness of the first members of this group has been almost

entirely overcome by the choice of suitable components ; further, a

series of after-development processes has been worked out to overcome

this disadvantage. The diazotizing process and the method of develop-

_ment by coupling have proved to be of special importance.

Towards the end of the 'eighties, the first mordanted azo colours,

which were dyed on previously mordanted material, were placed on the

market ; at the beginning of the 'nineties, the chrome-developing process

was discovered, which is of particular importance for dyeing wool fast

shades and simplifies this branch of the industry considerably. A
further development oji the same lines was caused by the introduction,

comparatively recently, of the so-called " Combination Process " (e.g.

monochrome colours, metachrome colours, etc.), in which both the

mordant and the dye are placed together in the dye-bath, by which

means mordant dyeing has attained the simplicity of dyeing with acid

wool colours.

-In order to facilitate the study of the azo dyes, they have been

subdivided into various groups. Those colours possessing analogous

constitutions which belong to the same group, show similar behaviour

as dyes.

Basic Azo Dyes.

Aniline Yellow :

. CeHs—N=:N—C6H4NH2 (aminoazobenzene)
.

was the first azo dye made. It is a beautiful yellow, but owing to its

fugitive character has not found employment for dyeing, and its

importance lies in the fact that it forms the raw material for

the production of numerous other dyes.

Butter Yellow is the dimethyl derivative of Aniline Yellow. It is

used for colouring margarine, etc.

Chrysoidine :

NH2 (1)

C.H5-N=N-CeH3Njj^
,3,

is formed by the action of m-phenylenediamine on diazobenzene

chloride (cf. p. 78). It was discovered and introduced into practice by

Caro and Witt, is used in cotton dyeing and printing for the produc-

tion of chamois brown and for shading, and also serves for dyeing

leather, fats, etc. light tints can also be produced direct, i.e. on

cotton without the use of a tannin mordant. All these colours are bright

but fugitive, and they will not stand steaming. Chrysoidine is largely

sold admixed with other dyes, e.g. with Magenta as Cardinal, with

Safranine as Scarlet for cotton, etc.

Chrysoidine R is produced from diazonium chloride, or diazotized

o-toluidine, and m-toluylenediamine. The Chrysoidines are also sold

under the name of Brown Salt (M.L.B.) for the production of dark brown

shades in calico printing by coupling on the fibre with diazotized
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^-nitraniline. The azo compound so formed can be discharged with

Rongalite (formaldehyde-hydrosulphite or -sulphoxylate).

Basic trisazo colours are prepared using " Chrysbidine as the end
component which, under the names of Janus Brown or Half-wool
Brown A, R (M.L.B), are used for dyeing wool-cotton mixtures.

Vesuvine, Bismarck Brown, or Manchester Brown, is a mixture of

MW /^^2 (1)

P^ ^ isr pH^^2(i) , p^jj N=N-C6H3NH2 (3)

\NH2(3)

and is produced by the action of nitrous acid on m-phenylenediamine.
Its uses and dyeing properties are analogous to those of Chrysoidine.

According to E. Tauber and Fr. Walder, commercial Bismarck Brown
contains as its principal constituent the second, disazo, dye whose
formula is given above.

Monoazo dyes may be prepared from rneto-diamines by allowing

solutions of the amine and nitrite, in the proportion of 1 mol. each,

to run simultaneously into the acid and then coupling the monodiazo
compound with suitable components.

Bismark Brown is also used for the production of tetrakisazo dyQS
such as Benzo Brown, which are direct cotton colours.

A number of basic azo dyes are produced from diethyl-^-amino-

benzylamine, (C2H5)2N . CH2 . C6H4NH2. Diethylbenzylamine :

CeHs . CH2 . N(C2H5)2 '

is first nitrated, and then reduced, the resulting amino group being then
diazotized and coupled with .phenols. To this class belong New
Phosphine G {C.) :

(C2H5)2N.CH2.C6H4-N=N-C6H3nS ^'^

OH (3)

from aminodiethylbenzylamine and resorcinol ; and Tannin Orange (C.j

:

(C2H5)2N.CH2,C6H4-N=N-CioH6OH08)

from the same base and ^-naphthol.

To the same class also belong the so-called Janus dyes of the Hoechst
Farbwerke, which are derived from aminobenzylamines and from p-
and m-phenylenediamine. They are secondary disazo dyes from amino-
ammonium bases, e.g. from aminophenyl-trimethylammonium chloride :

nxxNHa
'^•^^*N(CH3)301

Janus Red (M.L.B.) may be given as an example. This is produced
by diazotizing the aforesaid base, coupling with m-toluidine, diazotizing

again, and then combining with ^-naphthol. The formula is therefore ;

/CH3
C1(CH3)3N . C6H4- N=N-CoH3-N=N- CioHeOH
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Azophosphine (M.L.B.) is obtained by coupling diazotized amino-

phenyltrimethylammonium with resorcinol.

[Janus Green and Janus Blue are, however, Safranine azo dyes (q.v.).]

These colours are principally employed in dyeing semi-woollens.

They dye cotton direct, but, unlike other substantive dyes, in an acid

bath.

Simple Acid Azo Dyes.

(Chiefly Hydroxyazo Compounds, or their Sulphonic Acids.)

Soudan G

:

C6H5N=N—CeHsQTT
(3)

is a yellow-brown dye employed for colouring varnishes, but not for

dyeing textiles.

Fast Yellow is a mixture of aminoazobenzene mono- and di-

sulphonates of soda, chiefly the latter :

C6H4-N-N-C6H4NH2 -f- C6H4--N=N-C6H3^™^

This is one of the most stable towards light of any of the yellow acid

dyes, and also equalizes very well. It is used in wool dyeing for

shading and the production of mixed effects, and is also of some
importance as a raw material for the preparation of disazo dyes.

A number of dyes in this group are derived from sulphanilic acid :

—

Chrysoine, or Tropaeoline O

:

is a handsome golden-yellow of some interest in silk dyeing.

Orange I, Tropaeoline 000 No. 1, a-Naphthol Orange:

/SOsNa
C6H4-N=N- CioH60H(a)

is very little used.

Orange II, Tropaeoline 000 No. 2, ^-Naphthol Orange
(Roussin)

:

/SOsNa
CeHi-N-N-CioHcOHCjS)

is a handsome dye, much valued for dyeing wool and silk, and is,

probably, the most frequently used of all orange dyes. It is not very
poisonous.

Orange IV, Tropaeoline 00, New Yellow :

/SOsNa
CeHi-N=N-C6H4NH . C6H5

is largely used in wool dyeing, although it is reddened by acids.
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The action of concentrated nitric acid on this dye furnishes mixtures

of nitrated Orange IV of variable composition, which are put on the

market as Azo Yellow, Azo Acid Yellow, Azoflavine, Indian Yellow

y

Citronine, etc., and are of great importance for wool and silk dyeing

on account of their fastness towards acids. These dyes represent a
successful combination of the advantages of the nitro and azo dyes.

Methyl Orange {Orange III, Tropaeoline D, Helianthine) :

/SOsNa
C6H4-N=N-C6H4N(CH3)2

The only use of this dye is as an indicator in volumetric analysis, on
account of its sensitiveness to acids. For this purpose it has the

advantage of not being altered by carbonic acid or acid sulphites (thus

differing from phenolphthalein). Consequently it can be used for

titrating carbonates and for the determination of the free sulphurous

acid in bisulphite.

Metanil Yellow [Victoria Yellow (M.L.B.)]

:

(1)

/SOsNa
CeH/

\N-N-C6H4NH.C6H5
(3)

is rather more yellow in colour than its isomer Orange IV, and is

used in wool dyeing, in spite of its poisonous nature, its chief employ-

ment, however, being in paper dyeing, carpet printing, and colouring

varnishes.

Orange R (B.A.S.F.)

:

/SOaNa
(CH3)2.C6H2-N=N-CioH60H()8).

is a dye prepared from xylidine monosulphonic acid and j8-naphthol,

but is very little used.

Whilst the acid azo dyes considered so far are produced almost

without exception by combining a phenol with the diazo compound
of a sulphonated amine, there are a great number of others that can

be obtained by combining a phenolsulphonic acid with a diazotized

amine or the sulphonic acid of the latter. Some of these dyes are isomeric

with members of the groups described above, from which, however,

they differ in the more or less pure red shades they produce on wool

and silk.

In this manner the first red azo dyes were obtained, which even

to-day are amongst some of the most important colours we possess,

and are used in very large quantities in wool dyeing as a cheap substitute

for cochineal and for the production of Bordeaux shades.

As an example of those prepared by combining a diazotized amine

with a phenolsulphonic acid may be cited the Ponceau (poppy) reds,

first introduced by the Hoechst Farbwerke. These are obtained from
the isomeric xylidines by diazotizing these bases and allowing them to
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act on the sodium salts of the two j3-naphtholdisulphonic acids G and

R in alkaline solution. The general formula of these dyes is-:

- (CH3)2 OH
C6H3-N=N-CiaH4(S03Na)2

Xylidine can be also replaced by cumidine, and the j8-naphthol-

sulphonic acid R by one of the other naphtholsulphonic acids.

The discovery of the Ponceaux (Baum, 1878) was a matter of epoch-

making importance for both the colour and the dyeing industries.

They showed the way for the preparation of the first scarlet dyes and
a number of similar products, all of which are remarkable for beauty

and cheapness. In addition, the knowledge thus acquired with regard

to the different behaviour of the above-named G and R salts, here

used for the first time, had a highly stimulating influence on the

subsequent synthetical preparation of dyes.

G salt, for example, gives j^ellow dyes with benzene derivatives,

whilst R salt yields more reddish shades, whence the names ((T=gelb-

stichig, or yellowish ; i?=rotstichig, or reddish). The difference is even

more pronounced if diazo compounds of the naphthalene series be used.

As a result of these observations dye chemists became aware for

the first time of the influence of the position of the sulphonic groups

upon the character of the resultant dyes.

By varying the reaction employed in producing the Ponceau dyes,

it was soon found possible to prepare a large number of new colours,

which were put on the market under various names—the scarlets as

Ponceaux Scarlet, etc., and the brownish or bluish reds as Fast Red,

Bordeaux, Archil Substitute, etc.

A few of these will be described in greater detail in the following

lines :

—

Orange G :

from aniline and G salt, is largely used for wool.

Palatine Scarlet (B.A.S.F.), Cochineal Scarlet PS (By.), Brilliant

Cochineal (C.) :

(CH3)2 OH
C6H3N=N-CioH4(S03Na)2

from m-xylidine and a-naphthol-3 : 6-disulphonic acid ; it is there-

fore isomeric with the Ponceau 2R noted above ; in distinction to

the latter, however. Palatine Scarlet is very fast to light, being equal

in this respect to cochineal. This improvement, therefore, is obtained

by replacing the 2-naphthol-3 : 6-disulphonic acid by the isomeric

l-naphthol-3: 6-disulphonic acid. l-Naphthol-4:8-disulphonic acid

also yields azo colours fast to light, which are, however, only

utilized for the manufacture of varnishes, etc.*

* D.R.P. 161424 (M.L.B.); E.P. 4646/05; Chem. Zig., 1905, 730.
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Fast Red A :

SOsNa
CioH6N-N-CioH60H*(P)

from naphthionic acid and j8-naphthol, was the first red azo colour,

and is the cheapest red acid d3'e.

Archil Substitute is the name applied to different bluish-red dyes,

corresponding to the formula :

/N02(i) NH2
C6H4-N-N-CioH6-x(S03Na):r

(4)

which are, therefore, of somewhat different composition from the

Ponceaux and Bordeaux ; they are readily decomposed by boiling

with acids.

Other technically important members of this group are :

Brilliant Orange R (M.L.B.), Scarlet R (By.), from xylidine and
^-naphthol-6-sulphonic acid.

Cochineal Scarlet, from xylidine and various naphtholsulphonic

acids, e.g. a-naphthol-5-sulphonic acid.

Azo Eosine (By.), from o-anisidine and a-naphthol-4-sulphQnic acid.

Azogrenadine S (By.), Lanafuchsine (C), Sorbine Red (B.A.S.F.),

from ^-aminoacetanilide and a-naphthol-3 : 6-disulphonic acid.

Azogrenadine L (By.), from ^^-aminoacetanilide and 1 :4-naphthol-

sulphonic acid.

Double Ponceau (By.), from a-naphthylamine and 1 : 5-naphthol-

sulphonic acid.

Crystal Ponceau from a-naphthylamine and j8-naphthol-6 : 8-disul-

phonic acid.

Brilliant Ponceau 4R (C, By.), from naphthionic acid and j8-

naphthol-6 : 8-disulphonic acid.

Ponceau QR (M.L.B.), from a-naphthylamine and jS-naphthol-

3:6: 8-trisulphonic acid.

Double Brilliant Scarlet G (Akt.), Scarlet for silk (M.L.B.), Fast

Red B (B.A.S.F.), Bordeaux BL (C), Bordeaux G (Dahl), etc., from

2-naphthylamine-6-sulphonic acid and i8-naphthol.

Brilliant Ponceau 4/2, Double Brilliant Scarlet 4i2 (By.), Double

Scarlet extra S (Act.), from 2-naphthylamine-6-sulphonic 'acid

and 1 -naphthol-4-sulphonic acid.

Palatine Red (B.A.S.F.), from a-naphthylamine and 1-naphthol-

3 : 6-disulphonic acid. Azo Red A (C.) is very similar to this.

Fast Red BT (By.), from a-naphthylamine and 2 : 6-naphthol-

sulphonic acid.

Fast Red B (B.A.S.F.), Bordeaux B (Akt., M.L.B.), Bordeaux

BL (C.>, Bordeaux G (Dahl), from a-naphthylamine and jS-naph-

thol-3: 6-disulphonic acid R.

Carmoisine B (By.), Mars Red (B.A.S.F.), Chromotrope FB,

Brilliant Crimson (M.L.B.), Azo Rubine A (C), Azo Rubine S (Akt.),

etc., from naphthionic acid and 1 : 4-naphtholsulphonic acid.
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Fast Red E (By., B.A.S.F.), Fast Red S (M.L.B.), from naphthionic

acid and 2 : 6-naphtholsulphonic acid.

Fast Red NS (By.), Fast Red D and EB (B.A.S.F.), Naphthol Red
S (B.A.S.F.), Naphthol Red O (M.L.B.), Victoria Rubine (M.L.B.),

Bordeaux (Akt.), Azo Acid Rubine (Dahl), etc., from naphthionic acid

and 2-naphthol-3 : 6-disulphonic acid.

Eosamine B (Akt.),

/OC0H5 (4)

//CH:j (1) OH
C6H3-N=N-CioH4(S03Na)2 (e-disulphonic acid)

(3)

Lithol Red R (B.A.H.Y.) is an important lake colour from 2:1-

naphthylamine snlphonic acid and j3-naphthol.

For a time it appeared as if this group of colours was worked out

and that further technically valuable shades could not be hoped for in

this class. It was then found, however, that by using peri derivatives

of naphthalene, such as 1 :8-dihydroxynaphthalenesulphonic acids

and 1 : 8-aminonaphtholsulphonic acids, new dyes could be obtained

which possessed certain important advantages over the Ponceaux
and Fast Reds noted above, and they have since become of considerable

importance.

An example of this type of dye is Azo Fuchsine (By.) :

CeHi-N-N-CioH/gQ^^^^^^ (G' brand) • -

On replacing the sulphanilic acid by toluidinesulphonic acid as the

first component the B brand is obtained. Azo Fuchsine differs from
the Ponceaux in dyeing very level shades and (the G brand especially)

finds considerable application for producing fashionable shades on
wool. It is also iised for bottoming indigo dyeings. If the 1:8-

dihydroxynaphthalene-monosulphonic acid be replaced by chromo-
tropic acid the so-called " Chromotropes " * (M.L.B.) are obtained.

They have the following general formula :

(OH)2(i:8>
.

C6H5-N=:N-CioH3(S03Na)2

^-Nitraniline, acetyl-^-phenylenediamine, a-naphthylamine, naph-

thionic acid, etc., may be used in place of aniline.

To this class also belong the following dyes :

Victoria Violet 4:BS (M.L.B., By.), from ^ara-phenylenediamine

and chromotropic acid.

Fast Acid Fuchsine B (By.), from aniline and 1 : 8-aminonaphthol

3 : 6-disulphonic acid.

As further examples we may note : Alkali Fast Red (M.L.B. ),

Brilliant Orseille C (C), Tolane Red (K.), Guinea Red 4:R (Akt.).

Both the dyes from the dihydroxynaphthalenesulphonic acids

and those from chromotropic acid exhibit an interesting peculiarity :

* =.Change of colour.



106 DYE CHEMISTRY

wool is dyed with these colours from an acid bath in red shades of

more or less bluish tinge : on treating these with potassium bichromate

they yield dark-blue to black dyeings characterized by great beauty

and fastness. It was at first believed that the black dyeings obtained

with chromotropes might prove to be of technical value as substitutes

for logwood : they proved to be too expensive, however, and only

a few special brands such as Chromotrope S (a mixture of FB and
7B) were utilized for this purpose. Later on a specially valuable

property of these colours was discovered which at first had passed

unnoticed, namely, their ability to dye wool directly from an acid bath.

Dyeings so obtained are very clear and fast to light and, since they

level well, the Chromotropes have become of great importance for

producing level- shades, the 2R brand and Azo Fuchsine (By.) being

specially suited for this purpose. Curiously enough they are unsuit-

able for dyeing silk.

It was then found that colours whose dyeings become blue on treat-

ment with potassium bichromate can be manufactured more cheaply

by using other a-naphthol-a-sulphonic acids in place of 1 :8-dihy-

droxynaphthalenesulphonic acid, and various products of this type

have become of importance such as Chromotrope FB (M.L.B.), Car-

moisine (By.) (from 1 : 4-naphtholsulphonic acid), and Chromotrope

F4:B (from a-naphthionic acid and 1 : 5-naphtholsulphonic acid).

Similar dyes may also be obtained by using jj-cresol as the second

component in place of the naphthplsulphonic acid named,* so that

the change in colour on chroming depends upon the fact that all these

dyes are or^^o-hydroxyazo colours, of which, as We shall presently

see, this behaviour is a general characteristic.

The use of peri derivatives as azo components has also led to the

production for the first time of monoazo dyes capable of yielding

blue and violet shades direct. Thus 1 :8-aminonaphthol-3:6-di-

sulphonic acid (H-acid) on coupling up with ethyl-a-naphthylamine

yields Lanacyl Violet (C), and with 1 : 5-aminonaphthol Lanacyl Blue
(C). Sulphon Acid Blue R (By.) or Tolyl Blue SR (M.L.B.) is

formed from H-acid and phenyl-1 :.8-naphthylaminesulphonic acid, the

corresponding bluer B brands being obtained from the tolyl derivative.

With the aid of ^^-phenylenediamine blue monoazo dyes may be

obtained, e.g. Azo Acid Blue (By.), Azo Wool Blue (C), Azo Acid Blue

3Z? (M.L.B. ), Ethyl Acid Blue (B.A.S.F.), from unsym. dialkylated

^-phenylenediamine and 1 : 8-dihydroxynaphthalenesulphonic acids.

To this group belong also the blue dyes obtained from chlordialkyl

|3-phenylenediamihe and chromotropic acid,t whilst the product

from ^-phenylenediamine and chromotropic acids dyes violet shades

{Victoria Violet 4:BS).

By coupling nitro-^-phenylenediamine Avith peri derivatives (e.g.

chromotropic acid) direct blue- black monoazo dyes are formed (By.).

Finally, by a suitable choice of components the colour can be deepened

to black : thus good levelling acid azo dyes, affording violet-, blue-,

and green-black shades, can be obtained from a-naphthylamine-

* D.R.P. 133480 (Pick, Lange & Co.).

t D.R.P. 197035: E.P. 23183/07.
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sulphonic acids and 1 : 7-aminonaphthol or its aminoalkyl derivatives.*

Valuable acid dyes are also obtainable by using 1 : 7-aminonaphthol-

4-suIphonic acid as the second component,! ^-aminodiphenylamine-
sulphonic acid has also been utilized as the active component.

Not only is the actual colour dependent on the choice of components
but the degree of fastness as well, and in recent years attempts have
been made to effect improvements also in this respect. Thus fast

brown acid wool dyes have been obtained by coupling the aminoaryl-

•ethers of the benzene and naphthalene series with aryl and alkyl

derivatives of 2-amino-8-naphthol-6-sulphonic acid.J Again the acid

wool colours obtained from nitro-amines and the aryl and alkyl deri-

vatives of the same 2 : 8-aminonaphthol-6-sulphonic acid are charac-

terized by excellent fastness to light and fulling and by their good
levelling qualities ; they dye brown-red to brown-black shades.

§

A similar degree of fastness is exhibited by the red-violet to blue-

violet wool dyes obtained from _p-nitraniline-o-sulphonic acid and the

same components, as also with j8-naphthylamine, its alkyl and aryl

derivatives and sulphonic acids.
||

It is possible that the Supramine wool colours (By.) recently

introduced into commerce may also belong to the same class.

By the use of diaminotriphenylmethane derivatives as " active
"

components various azo colours have been produced,^ the shades so

obtainable being practically the same as those from the original amines
used for the synthesis of the triphenylmethane derivatives.

In connection with the relationship between colour and constitution

it is interesting to note that combinations of benzene derivatives which
usually form only yellow monoazo dyes may on occasion lead to

the production of dyes whose colour has been shifted considerably

towards the blue. An example of this will be found in Wool Violet

{B.A.S.F.) obtained from dinitraniline and diethylmetanilic acid.**

NO2 SOsNa
I

-N=N-/\

O2N- -N(C2H6)

Azo dyes containing as first components the toluene-o-sulphonic

esters of m- and ^-aminophenols have been prepared by Geigy & Co.,

and include amongst them the Polar series of dyes made by that firm.ff
Recently attempts have been made to utilize the large quantities

of waste liquors from the sulphite pulp industry for the production

of azo colours. These liquors contain lignine sulphonates and lignone

sulphonates which can be separated and coupled up with diazotized

* D.R.P. 197034 ; E.P. 18698/07, 23020/07.

t D.R.P. 198138; E.P. 16001/07.

t D.R.P. 221491 ; E.P. 14820/09. § D.R.P. 224497.

II
D.R.P. 212973, 220532 ; Fr. P. 413982.

TI D.R.P. 282198, 288838, 290102; E.P. 4058/13.
** Owing to its instability to acids this dye is devoid of technical value and is

no longer sold. ft D.R.P. 286091, 289030.
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*

bases such as aniline, benzidine, etc., to yield azo colouring

matters.*

MoNOAZo Dyes from ori/w-AMiNOPHENOLS.

The first dyes of this type to come into commerce, such as

Azo Acid Black (M.L.B.), were prepared from picramic acid and
1 : 8-aminonaphtholsulphonic acids and served as black wool dyes.f
Of greater importance are the numerous o-hydroxyazo dyes which
are used as mordant dyes, J Thus by coupling nitroaminophenols
with 2'er^-naphthalene derivatives Cyprus Blue (Akt.) and Peri
Wool Blue (C.) are produced, which give fast blue dyeings with
copper salts but are not of much technical value. The important
dye Add Alizarin Black R (M.L.B.) is obtained by coupling
diazotized 2-amino-l-hydroxy-6-nitro-benzene-4-sulphonic acid with
j8-naphthol. Diamond Black PV (By.), which is of great value owing
to its fastness to potting, is also formed by coupling o-aminophenol-
sulphonic acid with 1 :5-dihydroxynaphthalene.§ Of recent years
similar dyes have also been produced from 1:2- and 2 :

1 -aminonaph-
tholsulphonic acids after the difficulties involved in the diazotization

of these bodies had been overcome : an example of such a dye is

Eriochrome Black A (Gy.) from nitro-4-sulpho-l-amino-2-hydroxynaph-

thalene and ^-naphthol. Anthracene Chrome Black, prepared some
time before by Cassella & Co. from diazotized 2 : 3-aminonaphthol-
sulphonic acid and alkylated 1 : 8-aminonaphthol-3 : 6-disuIphonic acid,

also belongs here.

Important blue o-hydroxyazo dyes have been placed on the market,

such as Anthracene Chrome Blue (C), Fast Mordant Blue (M.L.B.),

Acid Chrome Blue (By.), etc., and indeed practically all the more
valuable shades can be produced in this class of dyes, e.g. brown
dyes from o-aminophenol-4-sulphonic acid and m-phenylenediamine

[Acid Alizarin Brown B (M.L.B.), Palatine Chrome Brown W
(B.A.S.F.)] ; Acid Alizarin Garnet R (M.L.B. ), from o-aminophenol-

^-sulphonic acid and resorcinol ; Acid Alizarin Violet N (M.L.B.),

Palatine Chrome Violet (B.A.S.F.), Anthracene Chrome Violet B (C),

from the same components and jS-naphthol, etc.

All these dyes come into commerce under various trade names
such as Acid Alizarin colours (M.L.B.), Palatine Chrome colours

(B.A.S.F.), Salidne colours (K.), Anthracene Chrome oolours (C), Erio-

chrome colours (Gy.), etc., the numerous black brands in particular

being of considerable importance for wool dyeing.

It is not always necessary to start with an ori^o-aminophenol in

order to produce these dyes, as the OH group may, in certain cases,

* Oman, E.P. 103479, 103480, 103653, etc.

t Picramic acid was first made use of for the production of brown monotizo

dyes by combining it with meto-diamines. The first black dye was prepared from
it by coupling with chromotropic acid (D.R.P. 78471 (M.L.B.). This was foimd
to be too sensitive, however, to varioiis agencies, and it was only on replacing one
of the —OH groups of chromotropic acid by NH2 that black monoazo dyes of

commercial value were obtained; cf. D.R.P. 112280; E.P. 11437/98.

- X This valuable property of being able to dye on a mordant was first noticed

by Erdmann and Bergmann, D.R.P. 78409.

§ For structure, cf, O. Fischer and Baur, J. Pr. Chem., [II], 95, 261 (1917).
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be formed during the process if there is a nitro group ftr chlorine atom
in the ortho position to the —NH2 in the amine used ; in such cases,

both with benzene and naphthalene derivatives, on diazotizing and
then treating the diazo compound with soda the ortho CI or NO2 is

replaced by —OH. Sometimes a sulphonic group can also be replaced

similarly. Exceptionally, even an NO2. group "para to an amino group

may also be replaced on diazotization.*

To what extent substituents in other positions in the o-aminophenol

employed may affect the properties of the corresponding dye is at

present only partially known. It has, however, been ascertained that

the presence of NO2 groups, or of chlorine, as substituents is advan-

tageous, and that the shade of a dye is favourably influenced by the

presence of a sulphonic group ortho to an hydroxyl.

After-chroming dyes are also produced by coupling various diazo

compounds with 3-amino-4-cresol or 3-amino-2-cresol.t It is probable

that in these cases also the mordanting powers depend upon the o-

position of the OH— and NH2— groups which tend to bring about

lake formation. J
All these dyes derived from o-aminophenols (or naphthols) show

one characteristic peculiarity : they produce, as a rule, more or less

red dyeings on wool from an acid bath which are fugitive and of little

practical value ; if, however, these be treated with potassium bichromate

they are converted into very fast dark-blue to black or brown
colourings. Exceptions to this rule are known.

§

An attempt to combine the advantages of the triphenylmethane

and the azo classes of dyes has been made by diazotizing the leuco

derivative of amino-Patent Blue, and then coupling up with suitable

components such as j8-naphthol, l-phenyl-3-methyl-5-pyrazolone, etc.

The products dye wool greenish shades and form chromic and cupric

salts furnishing fast green to blue dyeings.
||

The great success which attended the use of o-aminophenols or

o-aminonaphthols for the production of blue, black and brown monoazo

dyes led to their further application. Thus, for instance, fast red

mordant dyes were produced by coupling diazotized l-amino-2-naphthol-

4-sulphonic acid with l-phenyl-3-niethyl-5-pyrazolone, Eriochrome

Red B (Gy.) ; again, attempts were made to utilize o-aminobenzoic

acid (anthranilic acid) in place of o-aminophenols [e.g. Acid Alizarin

Red B (M.L.B.)] ; a true red has not, however, been so far obtained,

and the latter dyes are used chiefly for the production of colour lakes

such as Pigment Scarlet SB (from anthranilic acid and j8-naphthol-

disulphonic acid R).

In nearly all cases the technically used after-chromable azo colours

are monoazo dyes ; an exception to this rule is Eriochrome Verdon

(Gy.), which is prepared by coupling up l-amino-2-hydroxynaphthalene-

4-sulphonic acid with w-aminophenol, rediazotizing and coupling with

* R. Meldola and F. G. C. Stephens, Trans. Chem. Soc, 88, 1199 (1905).

t D.R.P. 216904. t Noelting, Chem. Ztrj., 1910, 977.

§ In a few isolated cases the direct dyeings are of practical value, e.g. Azo Acid

Black (M.L.B.) ; cf. also Fr. P. 354454; Chem. Zeit., 1905, 1132; E.P. 7839/05.

II
U.S.P. 1237192, 1237193 (I).
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resorcinol. It dyes wool bluish-black shades which become greenisn-

black on chroming.*

Whilst the introduction of these so-called Chrome Developed colours

simplifies the dyeing processes considerably, and offers many advantages
over the older method involving previous mordanting of the material,

a further advance has been made in recent years bj^ the discovery of

a class of colours which are capable, under certain conditions, of dj^eing

direct with the addition of bichromate. Such dyes, known as Chromate
colours (C), Monochrome colours (By., L.B.H.), Autochrome colours

(M.L.B.), Solochromate colours (B.D.C.) are related closely to the so^

called Metachrome colours (Akt.) (Bro.) previously made, the latter,

however, being preferably applied, with the aid of a special mordant,
Metachrome Mordant.^

Metachrome Brown B is the coupled product of picramic acid and
m-phenylenediamine, Metachrome Bordeaux R being produced from
the former component and aminoacylsulphamides.

To these newer classes of dyes belong also the red o-hydroxyazo
colours formed from o-aminophenol or o-aminocresol derivatives (not

possessing —SO3H or —COOH groups) and 1 :3-dihydroxyquinoline
; J

the black dyes from the same diazo components and 2:3- or 2 :
6-

dihydroxynaphthalene, or i8j8-aminonaphthol or its alkyl and aryl

derivatives ; and the various colouring matters which are formed
from 4-nitro-2-aniinophenols (with halogen or nitro in 6) and p-cresol

or its homologues,§ or from o-aminophenol derivatives and alkyJ

or aryl derivatives of m-aminophenol or m-aminocresol.

Amongst other colours belonging here are : Metachrome Brown
BR, Mounsey Olive Brown, Chrome Olive B, Metachrome Orange R
(Brotherton & Co., Ltd.), Monochrome Yellow GF, Monochrome
Orange R, Monochrome Brown G, H. (L.B.H.) Solochromate Brown
and Grey (B.D.C), etc.

All the important shades are obtainable with dyes of this class

such as red, blue, brown and black, but at the same time these one-
bath chrome dyes, as also the chrome developing colours, are said to

attack the wool fibres more than the ordinary acid dyes.

During the past few years endeavours have been made to carry
the idea still further by preparing soluble metallic compounds of o-

hydroxyazo dyes which may be used for dyeing fabrics directl3^ Such
o-hydroxyazo dyes are very sensitive to copper and cannot be used
in such vessels owing to the staining which occurs. If, however, the dye
be first combined with copper a soluble " co-ordinated " copper
derivative of the type

is formed which is no longer affected by copper, and affords dyeings of
considerable fastness to washing and light.

* D.R.P. 290562.

t A mixture of ammonium sulphate and sodium chromate.

t D.R.P. 208498. § D.R.P. 210964, 210597, 216801.



ICE COLOURS 111

o-Aminophenol and the o-aminonaphthols and their sulphonic and
carboxjdic derivatives may be used as the " active " components, and
may be coupled with suitable phenols to give o-hydroxyazo dyes, or

m-phenylenediamine and its homologues may be used.

The copper derivatives are produced either by combining the azo

dyes with coppsr salts or by carrying out the azo coupling in the presence

of copper compounds.*
The place of the copper may be taken by chromium from chromium

fluoride and by this means " half-chrome " compounds may be pre-

pared which can be used as such and fully chromed afterwards on the

fibre.

In the case, for instance, of Chrome Fast Green G (T.), prepared,

from 2-aminophenol coupled with H-acid, it has been found that on
boiling it with a solution of chromium fluoride a green chromium com-
pound is formed which can be salted out and which affords faster shades

than the original dye.|

The copper compounds are also capable of being chromed. Further,

the reaction has been extended to the production of nickel, iron, cobalt,

aluminium, vanadium and uranium compounds of the hydroxyazo
dyes.J

Ice Colour:^
"^ All the azo dyes considereasorTar are soluble owing to the presence

of sulphonic groups : for the same reason, however, they have no affinity

for cotton fibres. In order to make use of them for the purpose of

printing and dyeing cotton those colours must be chosen which contain

no sulphonic groups. As such colours are insoluble they cannot be
applied in the ordinary way, but they can be formed directly from their

components upon the cotton fibre, as, for instance, by impregnating a

piece of cotton fabric with a solution of a phenol, drying, and then

passing through a solution of a diazo compound. Since the latter

. solution must be cooled with ice, these colours are termed " Ice Colours."
^ Ice Colours afford dyeings of excellent fastness and appearance,

which play an important part in cotton piece dyeing and calico printing,

and offer serious competition to the Alizarin colours. As examples
we may note :

—

joj,

-p-Nitraniline Red : ^ ^'^
.

N02.C6H4-N=N-CioH60H(^)

This dye is, of course, not sold in the finished state for dyeing, but

in the form of its components, ^-nitraniline and jS-naphthol.J When
the nitraniline is mixed with the quantity of sodium nitrite~necessary

for its subsequent diazotization, it is termed " Nitraniline N."
Diazotized nitraniline is met with in commerce as Azophor Red
PN (M.L.B.), Nitrazole C {C),Azogene Red (K.), Benzonitrol (By.),

and Parazol (By.) ; the double salt with 6-naphthalenesulphonic acid

is used under the name Paranil A.^

* E.P. 1611/15, 12219^15, 16916/15. f E.P. 15064/15 (I).

% E.P. 13204, 15127, 15456, 16803, and 16916 of 1915.

§ O. N. Witt, D.R.P. 264268; E.P. 11290/13; cf. Fdrberztg., 24, 273.
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The finished nitraniline red dye, however, is also put on the market

by the Farbwerke vorm. Meister, Lucius & Brlining as " Discharge

Lake R " and RR {in paste) for use instead of vermilion in Indigo

discharge printing. A similar product is Phenetidine Red (M.L.B.),

a bluish-red dye prepared from nitrophenetidine and j3-naphthol.

In a similar way other combinations are made use of, such as p-

nitro-o-anisidine and jS-naphthol for pink and also for bluish-red

shades : Ice Pink (Fab. de Thann et Mulhouse) ; Azo Pink NA
(M.L.B.) ; Tuscaline Red Base (B.A.S.F.) ; Nitroanisidine A (Akt.).

Of less importance for producing pink shades are : o-anisidine,

{Azophor Pink B), chloranisidine, and similar bases. For producing

orange the following are utilized : ^-nitro-o-toluidine (Nitrotoluidine

Orange) and m-nitro-o-anisidine ; Azo Orange NA (M.L.B.) ; Tuscaline

Orange G (B.A.S.F.).

Of somewhat greater importance is the garnet {Naphthylamine
Garnet) from diazotized a-naphthylamine and j3-naphthol, which has

replaced the older Alizarin Garnet to a considerable extent.

By printing with ^-nitraniline on 1:6- and 1 : 7-aminonaphthol

[NaphtholBD (C)], a black is produced which is used in calico printing.

The azo dye from 1 : 8-aminonaphthol-5-sulphonic acid and 1:2:4-

dichloraniline :

-CI

IS sold as Nigrophor (B.A.S.F.) and yields a black with diazotized

^-nitraniline, which is used in calico printing as an ice colour.

The production of ice colours is carried out almost exclusively

with the aid of j3-naphthol, which is specially suited to the purpose

owing to its ability to yield orf/io-hydroxyazo colours characterized

by their brilliancy and insolubility in alkalies. ^-Nitraniline Red can
be given a bluish tinge by the addition of small quantities of F acid

(6-naphthol-7-sulphonic acid ; Shading salt, ^-Naphthol R) ; by the

addition of small quantities of a-naphthol to the fi-naphthol, Naphthyl-
amine Garnet can be deepened in shade, but care must be exercised

in so doing as the a-naphtholazo colours are not fast to soaping.

Of recent years increased use has been made of the jS-hydroxy-

naphthoic acid
;
(2-hydroxy-3-naphthoic acid) * (m.p. 216° C.).

The solubilit}^ of the lakes in alkalis may be diminished considerably

by suitable additions such as barium salts, or by the use of jS-hydr-

oxynaphthoic anilide, which has become of considerable importance in

recent years under the name Naphthol AS (Oe.).f

* First suggested by Fischesser and Pokorny, Bull. Soc. Ind. Mulh., 1891,
625 ; cf. also Bukowiecki, ZeUsch. f. Farben. Ind., 1912, 128.

t E.P. 6379/12, 13237/12, 13766/12, 23732/12, 7676/13, 17279/13 ; D.R.P.
256999, 258654, 251233, 260998, etc.
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Naphthol AN is the corresponding ^-nitranilide :

^^OH /X/\_OH

CO . NH . CdHs -CO . NH . C6H4NO2

Naphthol AS. Naphthol AN.

Recently also 2 : 1-naphtholcarboxylic acid has been found to be

a useful substitute for j3-naphthol (Battegay) where an immediate
coupling is to be avoided. Under suitable conditions the carboxyl

group is displaced by the azo group yielding the normal j8-naphtholazo

dye ; mixed with jS-naphthol it is sold as Naphthol D.
Nitrosamine Red.—On treating a solution of diazotized ^-nitraniline

with alkali, the salt of a stable form of the diazo compound is formed
which no longer has the power of yielding azo colours with phenols, but
on acidifying the solution it again behaves as a normal diazo solution.

This behaviour is not only interesting from the theoretical standpoint

but has led to practical results. Under the name of Nitrosamine, a

paste has been placed on the market by the Badische Anilin- und Soda-

Fabrik consisting of the inactive form of diazonitraniline, which
•needs only dissolving and acidifying in order to produce a suitable

diazo solution for the production of p-Nitraniline Red.

The nitrosamine of ^-nitro-o-anisidine is also placed on the market
in stable form under the names Naphthol Pink (t.M.) or Nitrosamine
Pink BX (B.A.S.F.).

The discovery of the nitrosamines again raised the question as to

the constitution of the diazo compounds as the older formulation, e.g.

C6H5-N=N-OH, or C6H5-N=N-C1

was incapable of explaining either the existence of the inactive form
or numerous other reactions. Even to-day the question is not fully

settled, but the following outline corresponds fairly well with the

known facts.

Diazo compounds exist in three different forms which are mutually
interconvertible :

/NO
C6H5N-CI C6H5N=N-OH CeHsN^

III
\Na

N
I (Blomstrand). II. Ill (Schraube and Schmidt).

Form I exists in strongly acid solution, the formula expressing

the analogy between the diazonium salts and the salts of the strongly

basic quaternary ammonium bases. In approximately neutral solution

(either faintly acid with acetic acid or just alkaline with sodium carbon-

ate) the compound is transformed into form II, which has weakly acid

and basic properties. Lastly, strong alkalies convert it into form III,

which is specially stable as the alkali salt.

As may be seen from the formulae, only form II, the true diazo

form, is suitable for coupling, which agrees with the known fact that
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coupling only takes place smoothly in faintly acid or alkaline solution.

Form III is the nitrosamine, which like other nitrosaniines is stable.

For use it is first acidified with hydrochloric acid (production of

form I), sodium acetate is then added (—> form 11), and the solution

is then ready for coupling.

Another suggestion put forward by Hantzsch * explains the

difference in coupling powers as being due to stereo-chemical

considerations. According to him the diazotates corresponding to

form II may occur either in the reactive syn- form or the stable

non-reactive anti- form (" Isodiazotates ").

Yellow Mordant Azo Dyes.

To this group belong a number of colours, ma(te with the aid of

salicylic acid, which are utilized in wool dyeing as a substitute for

Fustic, and in calico printing in place of Quercitron, Persian Berries,

and Weld.

The most important members of this group are :

—

Alizarin Yellow GGW (M.L.B.)

:

/NO2 (1)

(3)
COOH (2)

/i^U2 1 ^-rr
Vt TVT XT /-. TT OH (1)

from m-nitraniline and salicylic acid. It is used chiefly as a substitute

for Persian Berries. The R brand is produced from ^-nitraniline and,

like the GG brand, is extensively used for calico-printing. It may
be made from benzene-azo-salicylic acid by nitration {Persian Yellow

(Gy.)].t

Chrome Yellow D (By.), Mordant Yellow (B.A.S.F.), Mordant
Yellow O (M.Ii.B.), Milling Yellow (Dahl), Anthracene Yellow

BN (C.) :

/SOsNa
CioHe—N=N— CeHs^i^^TT

from 2-naphthylamine-6- or -8-sulphonic acid is used chiefly for wool

Diamond Yellow G (By.)

:

/COOH (1)

^jjC6H4—N=N—CeHs^^^TT
(3)

LUUhl

from m-aminobenzoic acid and salic3^1ic acid ; the R brand is

made from anthranilic acid.

Anthracene Yellow C{C.), Chrome Fast Yellow C (By), Fast

Mordant Yellow (B.A.S.F.), is formed from diazotized thioaniline and

salicylic acid :

* Cf. A. Hantzsch, Die Diazoverbindungen, Stuttgart, Enke, 1902.

t For salicylic acid azo dyes, cf . Grandmougin and Guisan, Rev. Gen. Mat. Col.,

1908. 129.
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'^C6H4--N=N-CoH3^QQjj

the R brand is a mixture.

Chromocitronine R (D.H.), from benzidine-disulphonic acid and

2 mols. salicylic acid, has the advantage of being soluble in water and

can be fixed with a chrome mordant in calico printing giving dyeings

which are fast to washing in spite of the presence of the sulphonic

group.

Flavazole (Akt.) :

/^H3
Qjj

CeHi—N=N—CeHsp^^TT

from ^-toluidine and salicylic acid.

Chrome Fast Yellow GG (By.), from o-anisidine and salicylic acid.

Azo Alizarin Yellow GG (b.H.), Alizarin Yellow 5G (M.L.B.),

Tartrachromine GG (J.), are the most greenish brands of yellow from

^-phenetidine and salicylic acid.

Eriochrome Phosphine R (Oy.), from /j-nitraniline-o-sulphonic acid

and salicylic acid.

A yellow dye, which affords brownish-yellow shades on chroming,

is obtained by coupling o-chlor-m-aminobenzoic acid with salicylic

acid and heating the product with alkalies in the presence of copper

powder * (it cannot be prepared satisfactorily direct from amino-

salicylic acid) :

Ck /OH H0\ /OH
)C6H3.N=N.C6H3( -> )C6H3.N=N.C6H3( ^^„HOOC/ \COOH HOOC/ \COOH

A special position is occupied by a dye which used to be sold as

Patent Fustine [Wool Yellow (B.A.S.F.)], and which was prepared by

acting upon Fustic extract with a diazo compound in presence of soda.

Other yellow mordant dyes, which do not, however, belong to the

salicylic acid group, are Azochromine (Gy.), from j9-aminophenol and

pyrogallol, and Azogallein (Gy.), from amino-dimethylaniline and pyro-

gallol. The mordant character of these colours is due to the presence

of adjacent —OH groups.

Acid Disazo Dyes.

The dyes belonging to this class are acid dyes containing two azo

groups ; they are red to black in colour, and for convenience will be

divided into these two sub-groups.

Grouj) I.—Red Dyes.

These, for the most part, give scarlet red dyeings, which in general

arc faster to light than those obtained with the monoazo dyes already

* D.R.P. 278613.
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described. Almost without exception they contain the atomic complex

C6H5-N-N-C6H4-N=N-CioH60H

in which, the SO3H group or groups may be present in various posi-

tions, either in one or other of the nuclei, or in several simul-
taneously. In their preparation, use is made of aminoazobenzene,
its homologues, and their sulphonic acids, as the first components,
with j8-naphthol and its sulphonic acids (chiefly 2-naphthol-6-, -6 : 8-,

and -3:6: 8-sulphonic acids) as second components.
The position of the sulphonic group influences the colour given

by these dyes with concentrated sulphuric acid : such of them as contain
the sulphonic groups in the benzene nuclei are coloured green by sul-

phuric acid ; those containing the one or more sulphonic grouj)s in

the naphthalene nucleus yield violet colorations, whilst those wherein
the sulphonic groups occur .both in the benzene and the naphthalene
nuclei give blue solutions.

The following may serve as examples :

—

Biehrich Scarlet, Old Scarlet (By.), Fast Ponceau B (B.A.S.F.),

Ponceau B extra (M.L.B.), Scarlet EC (C), etc. :

/SOaNa /SOaNa
C6H4-N=N-C6H3-N=N-CioH60H(/S)

Tt gives a green coloration with concentrated sulphuric acid.

Brilliant Croceine M (C), Brilliant Croceine SB (By.), Brilliant

Croceine (bluish shade) (M.L.B.), Cotton Scarlet B (K.), etc. :

C6H5-N=N-C6H4-N=N-CioH4!^^^^^j^

from aminoazobenzene and 2-naphthol-6:8-disulplionic acid. The
coloration with concentrated sulphuric acid is violet.

Croceine Scarlet 3B (By.) :

• /SOsNa
"

C6H4-N-N-C6H4-N=N-CioH5hv?xT

from aminoazobenzenesulphonic acid and 2-naphthol-8-sulphonic acid.

The brand IB is prepared from aminoazotoluene as fy-st component.

The B brands of Bayer's Croceine Scarlet are identical with the

J?B marks of Ponceaux of the Berliner Akt. Ges. fiir Anilinfabrikation ;

whilst the 22 brands of Bayer's Ponceaux are identical with the BX
brands of the other firm's Croceine Scarlet.

A brown dye that is also fixed with chrome mordants is Cloth Red
B (Oe.), (By.)'

:

/CH3 /CH3 p.TT

C6H4-N-N-C6H3-N=N-CioH4^-^^^^,

from aminoazotoluene and 2-naphthol-3 : 6-disulphonic acid. It is

used to replace Sanderswood in wool dyeing.
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An instance of a red tetrazo dye belonging to this group with two
naphthalene nuclei is afforded by

Brilliant Croceine 9B (C), which is prepared from 2-naphthyl-

amine-6 : 8-disulphonic acid, m-toluidine, and 2-naphthol-3 : 6-disul-

phonic acid, and therefore has the formula :

(S03Na)2 CH3 ^„
CioH5-N=:N-C6H3-N=N-CioH4^^ ^,

(o(J3-lNa)2

The following list of red tetrazo colours may also be noted :

Sudan III (Akt.) 1 . , n , , ,

Aminoazobenzene Red (M.L.B.)r°''^°^='°^^^^^^^-^-"^P^^^°^-

Cloth Red G (By.), aminoazobenzene-l-naphthol-4-sulphonic acid.

Ponceau 5R (M.L.B.), aminoazobenzene-jS-naphthol-3 : 6 : 8-tri-

sulphonic acid.

Cloth Red SG (By.), o-aminoazotoluene-2-naphthylamine-6-sulphonic

acid.

Fat Ponceau (M.L.B.), o-aminoazotoluene-j8-naphthol.

Cloth Red B (By.), aminoazotoluene-l-naphthol-4-sulphonic acid.

Cloth Red G extra (By.), o-aminoazotoluene-Schaffer acid.

Bordeaux BX (By.), aminoazoxylene-jS-naphthol-6-sulphonic acid.

Milling Orange (D.)> aminoazobenzenesulphonic acid-salicylic acid.

As already mentioned under Cloth Red, certain of these dyes
may be made faster by after-chroming, as in the case of the chrome-
developing colours previously described.

In some cases, e.g. Croceine 3B, the dyes show a considerable affinity

for cotton fibres, which is not, however, so great as in the case of the
benzidine colours which will be considered presently.

The dye from o-aminoazotoluene and j8-naphthol is used as an ice

colour in calico printing under the name of Fa£t Azo Garnet.

Group II.—Black Dyes.

The dyes in this group contain the atomic complex :

CioH7-N=N-CioH6-N=N-CioH7
or

C6H5-N=N-CioH6-N=N-CioH7
or

C6H5-N=N-CioH6-N=N-C6H5

They are asymmetrical disazo dyes, which, by the use of a-napb-

thylamine as the second component, contain the atomic group

N-N—

<

\_N=:N-
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in the " middle position," and thus differ considerably from the red

disazo colours previously considered ; they are also, in general, much
faster than these latter. Sulphonic acids of naphthylamines and aniline

are chiefly used as the first components, various naphthol sulphonic

acids being generally taken as third or " end " components.

In this group are contained the first dyes with which it was possible

to dye wool in black shades from an acid bath. The majority are

acid dyes, but some are mordant colours.

The difficulties with which one is confronted in endeavouring to

arrange the legion of azo dyes in a clear manner are very apparent

in the present case, as a really sharp line of demarcation between these

and the dyes classed later as " Direct Cotton Dyes " can no longer be

maintained. If, for example, in producing dyes of the class now under

oonsideration we make use of certain components—in particular 2:5:7-

aminonaphtholsulphonic acid (J-acid) as end component—colouring

matters are obtained which possess an affinity for cotton fibres and
belong therefore to the substantive dj^es.

The production of the older dyes of this group is carried out by
diazotizing the first component and combining with the second com-

ponent to form an aminoazo dye, which is then further diazotized and
coupled with the end component.

To this class belong Naphthol Black (C), Wool Black (D.) :

(S03Na)2 ^„
CioH5-N=N-CioH6-N-N-CioH4)i^ ^^ ^(oU3iNa)2

from 2-naphthylamine-6 : 8-disulphonic acid, a-naphthylamine, and
2-naphthol-3 : 6-disulphonic acid.* It was the first technically

important dye of this group. Its dyeings are fa^t to light, but not

particularly so to milling and washing.

Brilliant Black B (B.) is identical with Naphthol Black, and the

other brands of this dye are mixtures of various acid dyes : brand

65 contains a-naphthylamine-4 : 6- or 4 : 7-disulphonic acid as first

component.

Naphthylamine Black D (C.)

:

(S03Na)2 (^-^^

CioH5-N=N-CioH6N=N-CioH6NH2(a)
(1)

can be applied in the same way as Naphthol Black. The dyeings are

faster to milling, though less so to acid, and less handsome than those

of the former dye.

The very popular and important mark 4B is a mixture of the above

Naphthylamine Black with the Naphthol Blue-Black to be described

later. Its chief advantage lies in the handsome logwood shade of its

dyeings.

Naphthyl Blue-Black N (C). (By.) is of similar composition to

Naphthylamine Black D, except that it contains, instead of a-naphthyl-

amine, aminonaphthol ethyl ether as its end component. When used

* Compare its composition with that o^the red dye Brilliant Croceine 9B (C).
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with acetic acid, it gives a very handsome bluish-black, which, when
afterwards treated with copper salts, is very fast to light, though very

susceptible to the action of steam. It is, however, made in spite of this

objection.

Anthracite Black (C.)

:

(S03Na)2(4 =
^) MWPTT

CioH5-N=N-CioH6.N=N.C6H3f^fJ-^''ft^ ^'^

(1)
NH. Cells (1)

from l-naphthylamine-4:7-, or 3 : 6-disulphonic acid, a-naphthjdamine

and diphenyl-m-phenylenediamine.

This can be used for dyeing wool with or without mordants. It

is, however, little employed for dyeing black shades, but is used in

association with Diamine Fast Red F and Anthracene Yellow C (Cassella)

for the production of mixed shades fast to milling.

Jet Black (By.)

:

(S03Na)2(2:4)

C6H3-N=N-CioH6N=N-CioH6NH-C6H5
(1)

from aniline-2 : 4-disulphonic acid, a-naphthylamine and phenyl-a-

naphthylamine. This is suitable for dyeing silk dark blue or black,

and also gives a handsome blue-black on wool. The dye is sensitive

to metals.

Victoria Black (By.), Phenol Black (By.)

:

(SOsNa) ,Qjj,,
C6H4-N=N-CioH6N=N-CioH4^'^^^^^

The different brands of this dye contain, as characteristic component,

1 : 8-dihydroxynaphthalene-4-sulphonic acid. Certain of them have

been placed on the market as Acid Black.

Diamond Black (By.) :

/OH(i)
/^/COOH (2) ^^

C6H3-N=N-CioH6N=N-CioH5h^5,,

from aminosalicylic acid, a-naphthylamine and l-naphthol-4- or 5-

sulphonic acid.

Dyes similar to Diamond Black have as first components : amftio-

p-hydroxybenzoic acid, aminobenzoic acid, and aminophthalic acid.

Owing to its great fastness this important dye is much used for

wool dyeing in the form of its chromium lake. By treating dyes of

the Diamond Black type with potassium bichromate and sulphuric

acid oxidation takes place in addition to lake formation, by which means
the dyeings are greatly increased in intensity and fastness.

Diamond Green., made by the same firm, is prepared similarly with

1 : 8-dihydroxynaphthalene-4-sulphonic acid as end component.



120 DYE CHEMISTRY •

By the use of p-aminodiphenylamine-sulphonic acid dyes are pro-

duced which- are very fast to washing and are suitable for dyeing
knitting yarns. Nerol Black is an example of this class.

Further, the behaviour of certain aminonaphtholsulphonic acids

during the coupling process, already referred to, has led to a second
method for the production of dyes belonging to this group. Thus,
for example, 1 : 8-aminonaphthol-3 : 6-disulphonic acid may be first com-
bined in acid solution with ^-nitrodiazobenzene and then couj^led, in

alkaline solution, with a suitable- second diazo compound to form
a disazo colour. If diazobenzene be used as the last component,
Naphthol Blue-Black (C),

NH2OH

N02.C6H4-N=N

NaOsS-

-N=N-C6H5

SOsNa

is obtained. Naphthylamine Black ^B, a substitute for logwood much
used in wool dyeing, is a mixture of the above dye with Naphthylamine
Black D. .

'

Very good fastness to washing and fulling is shown by those disazo

dj^es of the Naphthol Blue-Black type which are obtained by coupling

H-acid or K-acid with diazosulphanilic acid (or other diazo compound)
in acid solution and then recoupling in alkaline solution with amino-

phenyl ethers, or with o-aminophenyl-o-tolyl ether.*

Again, the black disazo dye from p-nitraniline-o-sulphonic acid with

H-acid (acid) and aniline (alkaline) is characterized by excellent

fastness to light. f The blue-black dA'e obtained from 2 mols. diazo-o-

nitrobenzene and H-acid or K-acid is stated to be better than the

corresponding dye from p-nitraniline.J

A black dye belonging to this group, which is somewhat fugitive

to light. Palatine Black (B.A.S.F.), is formed from 1 :8-aminonaphthol-

4-sulphonic acid by coupling first with diazosulphanilic acid and then

with diazotized a-naphthylaminc in faintly acid solution.

/SOsNa ^™HC6H4-N=N-CioH3 _N=N-C,oH7
^SOsNa

Wool Black 6B (Akt.) is of analogous composition.

In this connection, a peculiar behaviour is shown by the so-called

K-acid (1 :8-aminonaphthol-4 : 6-disulphonic acid), inasmuch as this

will only combine with diazosalicylic acid with difficulty ; in fact,

this can only be successfully accomplished in practice by indirect

means—as is the case with Patent Chrome Green (K.). Here the diazo-

salicylic acid is first coupled with a-naphthylamine, then diazotized,

* D.R.P. 214496, 216462, 217627.

t U.S. P. 944328; Chem. Ztg. Rep., 1910, 51.

J D.R.P. 221243.
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and the resulting diazo compound treated with the azo dye from K-
acid and aniline. The formula is therefore :

//COOH /^
C6H3-N=N-CioH6-N=N-CioH2 )i^ .. ^„^—JN=J\— (.'6X15

^(S03Na)2

The technical success which has attended the use of o-aminophenols

as azo components has led to their use also in the present group of dyes.

Mention may be made of the azo colour obtained from o : p-diamino-

phenol-p-sulphonic acid by tetrazotization, and coupling with 2 mols.

^-naphthol ; it is sold as Palatine Chrome Black F (B.A.S.F.) and Acid
Alizarin Black SE (M.L.B.). It is used in an acid bath and developed

with bichromate, and is therefore in the same class as the chrome

developed colours already discussed. Its slight solubility, however,

renders it unsuitable for certain classes of work ; a somewhat
more soluble product is obtained by using iSchaffer acid as the

phenolic compound [Acid Alizarin Black SN, and SNT (M.L.B.)].

Other dyes belonging to this group are :

Naphthylamine Black S, Anthracene Acid Black (L. Cassella).

Biehrich Patent Black, New Patent Black, Azo Patent Black
(Kalle).

Phenol Black SS, and various brands of Acid Black and Wool
Black (Fr. Bayer).

Ortho Black, and various brands of Wool Black and Acid Black

(Akt.).

Prima Black, Domingo Blue Black (Leonhardt).

Carbon Black (M.L.B.).

Ethyl Black (B.A.S.F.).

Naphthalene Blacks (B.D.L.), etc.

Many such dyes are mixtures, e.g. :

Naphthalene Acid Black 42? and S, Phenylamine Black 4fi and

T (By.).

Azo Merino Black B and 65 (C).

Benzyl Black (Ges. f. Chem. Ind.).

Azo Acid Black (M.L.B. ).

Palatine Black (B.A.S.F.). etc.

All these colours, starting with Naphthol Black, serve for

dyeing wool and are intended to replace logwood. In this endeavour

they have, to a certain extent, succeeded ; in wool printing, for instance,

logwood has been almost entirely replaced by Naphthylamine Black

and the like, and also for dyeing wool in navy-blue shades certain of

the above black dyes are made use of, notablj^ Naphthol Black and

the cheap Phenol Black.

The only direction in which further advances in this class of dyes

are necessary lies in the production of an acid black and navy-blue
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dye whose dyeings can be readily discharged with hydrosulphite'to

a clear white free from yellow.

Blue wool dyes also occur amongst the secondary disazo colours

which are prepared, as with the monoazo dyes, by means of peri

derivatives. Of these we may mention : Azo Acid Violet (By.) from
aminoazobenzene and 1 :8-dihydroxynaphthalene-4-sulphonic acid (or

disulphonic acid), and certain Sulphoncyanines (By.) and Tolyl Blue
(M.L.B.) prepared according to the scheme : metanilic acid—

>

a-naphthylamine—>phenyl-l : 8-naphthylaminesulphonic acid.

In the last-named combination the metanilic acid may be replaced

by analogous compounds, the a-naphthylamine by Cleve's Acid,* and
the end components by tolyl- 1 :8-naphthj4aminesulphonic acid. The
Sulphoncyanines are utilized in wool dyeing for the production of fast

blue shades.

Lastly, among the primary disazo colours are to be counted a

series of brown dyes such as Fast Brown, which are obtained by the

action of 2 mols. diazotized sulphanilic acid, or xylidinesulphonic acid,

upon phenol components such as a-naphthol or resorcinol.

* 1:6- or 1 : 7-Naphthylaminesulphonic acid.



AZO DYES (continued)

Direct Cotton Dyes

(Substantive Dyes)

And Dyes from Thiazole Bases, Pyrazolones, Etc.

The colouring matters so far considered belong, from the practical

standpoint, to the groups of tannin colours, acid and mordant colours,

and developed colours. The remaining azo dyes, which possess the

power of dyeing cotton direct, will be treated here under the heading

of " Direct Cotton Dyes," together with various colours of different

constitution which also possess the same property.

Until the year 1884, cotton destined to be dyed had always first

to undergo a preliminary treatment ; only three natural colouring

wnatters. Turmeric, Safflower and Orleans, could be used for dj^eing

this material without the use of a fixing agent. The dyeings given

by various artificial dyes, such as Methylene Blue, Safranine, Bismarck
Brown, etc., upon unprepared cotton, i.e. without the use of a fixing

agent, lacked sufficient fastness and depth for practical use.

In the year mentioned, Bottiger discovered Congo Red, the first

dye of a long series, all the members of which possess the extremely

valuable technical property of being able to yield brilliant dyeings on

cotton without the use of a fixing agent. Benzidine colours had,

indeed, been already described in 1883 (e.g. the provisional German
patent, number 27954, applied for by the Farbenfabriken vorm. Fr.

Bayer & Co. at the instance of P. Griess, etc.), without, however, their

ability to dye cotton directly having been recognized.-

As the first dyes of this type were derived from benzidine they were

termed " Benzidine Dyes." But as it was soon found that a great

number of other bases—some similar to, others differing from benzidine

—could also be made to yield colouring matters with similar dyeing

properties, the general name " Substantive Cotton Dyes " was chosen

for them. This name is not always quite to the point, since some of

them are better suited for dyeing wool than cotton, and can also be

used for the dyeing of union goods containing wool or silk. It is,

therefore, now usual to refer to such colouring matters simply as

" Direct Cotton Dyes " or " Substantive Dyes."*

The introduction of these dyes, of which more than a thousand

* According to Professor von Georgievics it is more suitable to call such colours

" Salt Colours " (Salz-Farben), referring to the use of neutral or alkaline salts which

are added to the dye bath when using such dyes. This terminology is not generally

accepted in this country, and the more general name " Direct Cotton Dyes " will

therefore be made use of in the present edition.—F.A.M.
123
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are to be found in commerce at the present time, inaugurated a new
era, both in the manufacture of colours and in the cotton-dyeing
industry. In order to allow of a clear survey of the great number
of these products, they will be subdivided into the following groups :

1. Simple benzidine dyes

2. Polyazo dyes from benzidine bases.

3. Substantive dyes from other binuclear bases.

4. Dyes from J-acid.

5. Substantive dyes derived from naphthylenediamines.
6. Substantive dyes from diamines of the benzene series.

7. Substantive dyes containing only one azo group.
8. Thiazole dyes.

9. Azoxy and nitrosostilbene dyes

General Considerations Regarding the Benzidine Dyes.

Congo Red is produced by diazotizing benzidine :

(1) (4)

C6H4-NH2

C6H4-NH2
(1) (4)

and allowing the resultant diphenyltetrazochloride to act upon two
molecules of naphthionate in the presence of sodium acetate :

C6H4.N2-ICII CioHslHi^lj
JJJ

C6H4.N=:N-CioH5^|j

I

;;::;+ ;:::::
^ = I

^ +2HC1
C6H4.N2-!C1| CioHslHj^lj

[]j
C6H4.N=N-CioH5^|j

The sodium salt of this body is Congo Red.
In the preparation of this, as in the case of all similar dyes, the

second component—the amine or phenol—must be allowed to react

for some time on the tetrazo compound, since, though the reaction

with the first molecule of the second component is quickly effected,

some time is required for combination with the second molecule. With
Congo Red, for example, the operation takes one to two days, and with
Benzopurpurine, to be described later, five to six days are required.

If a large excess of naphthionic acid be employed the second process

is accelerated. The resulting first intermediate product, which there-

fore still contains one free diazo group, is generally insoluble. It can
be isolated and then allowed to react on a further molecule of the same
or of another component. In this second reaction it is generally neces-

sary to employ a temperature of 50° C, the mixture being stirred

until the evolution of nitrogen ceases on boiling a test portion. In
most cases it is not altogether a matter of indifference, as was previously

pointed out, whether the operation of coupling is performed in an acid

or alkaline solution.
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According to a very curions discovery made by the Badische

Anilin- und Soda-Fabrik, these dj^es are also formed by the oxidation

of simple azo dyes in concentrated sulphuric solution, with manganese

peroxide in the cold. Thus the dye resulting from diazobenzene and

naphthionic acid gives Congo Red :

C6H4;h

C6H4:H

-N=N-CioH5g^|j C6H4-N= N-CioH5g^g^

NHo +^ = I NH'> +^^^
-N=N- CioHsgQglj C6H4-N =N- CloHsgQglj

Similarly the dye from o-toluidine-azo-naphthionic acid yields

Benzopurpurine 4B.

Compared with the direct method the process is too costly. Fre-

quently also a linking up of other nuclei occurs, leading to the formation

of valueless products.

Instead of benzidine a large number of other more or less similar

bases can be employed in the production of these dyes, chief among
them being :

(1) /CH3 (3) (1) /O.CH3 (3) (1)

C6H3-NH2 (4) C6H3-NH2 (4) C6H4-NH2 (4

I i I

C6H3-NH2 (4) C6H3-NH2 (4) C6H3-NH2 (4)

(1) \CH3 (3) (l)\O.CH3(3) (1) \O.C2H5(3)
0-Tolidine. Dianisidine. Ethoxybenzidine.

In addition to these the following bases have also been employed :

/SO3H /CI /SO3H
C6H3-NH2 C6H4-NH2 C6H3-NH2 /C6H2-HN2

I
^

I
I

S02<| •

C6H4-NH2 C6H3-NH2 C6H3-NH2 ^C6H2-NH2
\N02 \C1 \SO3H

Benzidinesulphonic Nitrobenzidine. Dichlorbenzidine. Benzidinesulphone-

acid. disulphonic acid.

The benzidine analogues of the naphthalene series, termed dinaph-

thyls, are unsuited for the preparation of direct cotton dyes.

Even greater than the number of those diazotizable bases which

can be used for the preparation of substantive cotton dyes is the number
of amines, phenols and their sulphonic acids which can be used as

the second components. Chief among these are the sulphonic

acids of the naphthols, naphthylamines, dihydrox}^-, hydroxyamino-
and diamino - naphthalenes, of which last the peri derivatives are

the most important. As we are now acquainted with some
eighty naphthol-, and naphthylaminesulphonic acids and about as

many dihydroxy-, hydroxyamino- and diamino-naphthalenesulphonic

acids, it is easy to see that the number of possible combinations is

very great indeed. This number is still further augmented by the

fact that simple benzene derivatives such as phenol, resorcinol, salicylic

acid, m-phenylenediamine, etc., can also be used for the same purpose.
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Again, the peculiarity already referred to, that the formation of
these compounds takes place in two stages, may be utilized for so-
called mixed combinations, by allowing one molecule each of two
different components to react with the diazotized base, instead of
using two molecules of the same phenol or amine, e.g. :

C6H4N2CI
Qjj

C6H4N=N-C6H40H

C6H4N2CI ^^^^^
C6H4N=N-C6H3^Jq^^

Phenol. Salicylic acid. Mixed benzidine dye.

Here, however, in many instances (see Anthracene Red) it is by
no means immaterial which of the two components is allowed to react
first

If only one molecule of an amine or phenol be allowed to react
on the tetrazo compound, and the residual free diazo group be after-

wards replaced by hydroxyl, we obtain simple azo compounds, which,
however, still possess to a slight extent the property of the benzidine
dyes of dyeing cotton without the aid of a fixing agent, e.g. :

C6H4OH
I

OH (1) Diamond Flavine (By.)

C6H4N=N-C6H3COOH (2)

Finally, the property of possessing a diazotizable amino group,
shown by various substances used as components for the production
of these dyes, can be utilized for the preparation of still more complicated
azo dyes.

The number of possible benzidine colours is therefore extremely
large ; the blue and black are the most numerous, after this coming
the brown, red, yellow, violet, orange and green dyes.

They are all used as sodium salts and attach themselves in this

form to the cotton fibre.

In certain cases they can also be used for dyeing wool and silk
;

they have become of special importance for the dyeing of wool and
silk union goods, some of them dyeing both fibres the same depth,

whilst others show a greater affinity for one or other of the fibres. By
a suitable choice of dyes it is therefore possible to dj^e a mixed fabric

a uniform shade in a very simple manner. <

The interesting and important question as to the relationship

between colour and dye character has a special significance in connec-
tion with this group of colouring matters ; obviously it would be
extremely valuable if we could know what composition a dye should
have in order to dye cotton directly. Unfortunately, however, in

spite of the enormous amount of experimental material at our disposal,

we are still far from arriving at a satisfactory answer to this question.

We know only that the benzidine colours in particular owe their special

dyeing properties partly to the two groups which are in the para
position to the diphenyl link, and that their affinity for the cotton
fibre is very considerably dimini'shed by the presence of substituents

in the ortho position to the junction of the two benzene nuclei of benzi-
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dine, unless such substitution is accompanied by ring formation as,

for example, in the case of diaminodiphenylene oxide, or benzidine

sulphone :

\-S02-/

Benzidine-2:2'-sulphone-5:5'-disulphonic acid for instance :

HOsSx /SO3H

"^-^\ y
—

'\ )>~^^^

yields direct cotton colours on coupling with various compovinds.*

With other bises which, like benzidine, can also jaeld substantive

dyes, the connection between constitution and dye character is even

less recognizable, and the phenomenon became almost inexplicable

when it was found that an affinity for cotton fibres could also be caused

by certain components which were used in the second stage in the

coupling process, i.e. as passive azo components. In particular this

is the case with 2:5-aminonaph'thol-7-sulphonic acid (J -acid) :

HO3S- I-NH2

I

OH

with which this peculiarity was first noticed when it was used as end
component f and as middle component for the production of secondary

disazo colours of the Naphthol Black type.

This acid, especially if alkylated or acylated, yields monoazo dyes

even with the simplest amines of the benzene and naphthalene seriesj

which have the character of direct cotton dyes.

A similar behaviour has also been noted in the case of nitro-m-

phenylenediamine ; dyes of the type of Biebrich Scarlet, which contain

this substance as end component, also possess a substantive character.

It has, however, been found possible to establish certain simple

relationships between the colour and constitution of these dyes : those

diphenyl bases which yield substantive cotton dyes give red dyes with

naphthylaminesulphonic acids, and violet to blue dyes with naphthol-

sulphonic acids ; other classes of bases which do not afford substantive

cotton colours, but only wool dyes, give yellow to orange colouring

matters with naphthylaminesulphonic acids, those with naphthol-

sulphonic acids being red.

The fastness of these dyes is connected in the following ways with

* Ryan, Algar, and O'Connell, J. Soc. Chem. Ind., 1918, 762a ; Ryan and
Glover, ibid., p. 763a.

t D.R.P. 95624 (L.) ; E.P. 10669/95.

X D.R.P. 122905 (By.) ; E.P. 2683/00.
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the constitution : those yellow dyes prepared from phenol, salicylic

acid, etc., are faster to light than those from naphthol- and naphthyl-
aminesulphonic acids ; dyes obtained from ^-naphthylaminesulphonic
acids are faster to acids but less intense than those from a-naphthyl-
aminesulphonic acids. The fastness to acids is still greater if the

jS-naphthylaminesulphonic acids be combined with o-dichlorbenzidine

instead of with benzidine.

A peculiar instance - of the connection between fastness to light

and constitution is shown by the following colours *
:

The dye from benzidine and 2 : 6-naphthylaminesulphonic acid is

very fast to light.

The dye from tolidine and the same a.cid is fugitive to light.

The dye from benzidine and 2 : 7-naphthylaminesulphonic acid is

fugitive to light.

Dyeings obtained with these colours are usually made much faster

to light by boiling with copper salts;* the favourable influence of

the copper is, however, largely lost if the dyeings are submitted to

vigorous washing. In addition, this '' coppering " causes, in nearly

all cases, a considerable alteration in shade, so that this process is

mostly used only for blue dyeings, which become greener thereby.

Simple Benzidine Dyes.

Diazotized benzidine, coupled with simple benzene derivatives,

such as phenol, salicylic acid, etc., furnishes yellow dyes ; with naph-

thylaminesulphonic acids, red ; with naphthylaminesulphonic acids

substituted in the NH2 group, bluish-red to violet ; with naphthol-

sulphonic acids, violet ; and with certain aminonaphthol- and 1 :
8-

dihydroxynaphthalenesiilphonic acids, blue to black dyes.

Diazotized tolidine behaves in an analogous manner, except that

the resulting dyes have a more bluish tinge than those from benzidine.

Thus, for instance, the Benzopurpurines produced from the former

by combination with naphthylaminesulphonic acids are more bluish

than the Congo Red obtained from benzidine and the same components.

The bluest shades are shown by the dyes from dianisidine.

Consequently, by a suitable choice of components, one can produce

a whole series of dyes varying from yellow to blue, and with a little

knowledge of the properties of these colouring matters the colour of

their dyeings can in many cases be foretold from a mere inspection of

their formulae.

The components most frequently used are : phenol, salicylic acid,

cresotinic acid, w-phenylene- or toluylenediamine and their sulphonic

acids, nitro-m-phenylenediamine, 1:4- and 1 : 5-naphtholsulphonic acid,

1:4-, 1:5-, 1 : 6-, 1:7-, 2:6-, 2 : 7-, and 2 : 8-naphthylaminesulphonic

acids ; 2-naphthol-3 :
6- and 6 : 8-disulphonic acids ; 1 : 8-dihydroxy-

naphthalene-4- and 3:6-sulphonic acids; 1 :8-aminonaphthol-4-, 2:4-,

3 : 6-, and 4 : 6-sulphonic acids ; and 2 : 8-aminonaphthol-6- and 3 :
6-

sulphonic acids, and 2 : 5-aminonaphthol-7-sulphonic acid.

* When used as colour lakes.

f Zinc and nickel salts have also been suggested for the same purpose.
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Other components, less frequently used, are : various oxamic acids,

e.g. toluyleneoxamic acid :

/CHa
C6H3-NH2

\NH.CO.COOH

glycines, e.g. m-aminophenylglycine :

pxxNH.

phenylated or alkylated aminonaphtholsulphonic acids, mono-
alkylated 1:8- dihydroxynaphthalenesulphonic acids, 1 : 8-chloro-

naphtholsulphonic acids, hydroxynaphthoic acids, and, finally, also

finished dyes such as Chrysoidine, and resorcinol azo dyes.

a-Methylindol and l-phenyl-5-pyrazolone yield greenish yellow

colouring matters which -are specially suited for dyeing wool. In
addition 2>-cresol and 1 : 3-naphtholsulphonic acids give good wool-

dyes with benzidine bases.

In the following .list of certain dyes belonging to this class special

attention will be paid to the influence of the various components and
substituents on the colour.

Diamine Yellow iV (C.)

:

C6H4N-N-C0H4O.C2H5

C6H4N—N— CeHfjp^j^TT

produced from benzidine, phenol and salicylic acid, with subsequent

ethylation.*

Chrysamine (By.), (Akt.)

:

C6H4N-N-C6H3^gQjj

C6H4N=N-C6H3^^^jj

prepared from benzidine and 2 molecules of salicylic acid. This is

an important dye, and is principally used for the production of cream
shades in calico printing. The dyeing process must not be carried out

in copper vessels, since this metal dulls the colour.

Benzo Orange R (By.), (Akt.) :

/OH
C6H4N=N-C6H3COOH

I

/NH2
C6H4N=N- CioHsSOaNa

prepared from benzidine, salicylic acid and naphthionic acid.

* This dye cannot be produced direct from diazotized benzidine, salicylic acid

and phenol ether as the latter does not react on diazo compoxinds, it behaves in

this respect like a hydrocarbon.

6
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• Toluylene Orange R (Oe.) :

\CH3 Xcis

from tolidine and 2 molecules of m-toluylenediaminesulphonic acid.

Toluylene Orange G (Oe.), (By.), (Akt.) :

/CH3
C6H4-- N-N-C6H-(NH2)>

\SO3Na

/COOH
C6H4-N=N-C6H2-0?I

\CH3

from benzidine, toluylenediaminesulphonic acid and cresotinic acid,

is one of the most important dyes for half-silk goods.

Pyramine Orange R (B.A.S.F.) :

/SOsNa /NOo
C6H3-N-N-C6H2-NH2

\NH2

/NH2
C6H3-N=N-C6H2-NH2

\SO3Na XNOo

from benzidine-o:o'-disulphonic acid and 2 mols. of nitro-w-phenylene-

diamine, gives a very bright cheap orange.

If the isomeric benzidinedisulphonic acid of the formula :

HO3S SO3H

be used instead, a fast wool dye is formed (By.).

The same acid diazotized and coupled with 2 mols. salicylic acid

gives. Chromocitronine R (D.H.) already mentioned among the mor-
dant azo colours (p. 115).

Cloth Brown {red shade) (By.):

/OH
C6H4N-N-C6H3COOH

I
/OH

C6H4N=N-CioH5S03Na

prepared from benzidine, salicylic acid and 1 : 4-naphtholsulphonic acid.

This, like the similarly constituted Cloth Brown (yellow shade)

(from 2 : 7-dihydroxynaphthalene instead of naphtholsulphonic acid), is

used for dyeing chromed wool in a weak acid bath. It is, therefore,
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the first example of a substantive cotton dye which is more suitable

for dyeing wool than cotton.

Diamine Scarlet (C.)

:

CeHiN-N-CeHiO.CiHs

I

/OH
CeHiN-N-CioHi-SOsNa

\SO3Na

is produced from benzidine, phenol and 2-naphthol-6:8-disulphonic

acid, and subsequent ethylation.

Diamine Fast Bed F {C.)

:

/OH
C6H4N=N—C6H3-COOH

I

/OH
C6H4N-N-C10H4NH2

\SO3Na

prepared from benzidine, salicylic acid and 2 : 8-aminonaphthol-6-

sulphonic acid. It is a bluish-red, equally suitable for dyeing cotton

or wool. For the latter it can be applied in an acid bath, and
fixed by after-treatment with chromium fluoride, the dyeings so

obtained being particularly fast. On cotton it is comparatively fast

to light.

Anthracene Red (By.)

:

/NO2 /OH
CeHa-N-N-CioHaSOiiH

I
/OH

C6H4-N=N-C6H3COOH

is prepared from nitrobenzidine, salicylic acid and 1 : 4-naphthol-

sulphonic acid. It is of great importance which of the two
components is first allowed to react on the diazotized base, since

salicylic acid is difficult to couple if used last. Consequently, if the

/ naphtholsulphonic acid be taken first and salicylic acid afterwards,

an inferior dye is obtained ; but by reversing the order the valuable

colouring matter Anthracene Red is formed, which is particularly

suitable for wool dyeing. The dye is used in an acid bath, and
can be afterwards fixed with chromium fluoride. Dyeings so obtained

are very fast.

A comparison of this dye with Cloth Brown (red shade) (By.) is

of interest : both colours have practically the same composition except

that the benzidine molecule in Anthracene Red is nitrated, the con-

siderable change in colour being therefore due to this nitro jgroup.

Very beautiful shades on wool and silk may also be produced by
means of Acid Anthracene Red G and SB (By.).

An homologous Anthracene Red is prepared by using nitrotolidine,

Kalle & Co. prepare a Salicine Red from mononitrobenzidine, salicylic

acid and jS-naphthol. The Salicine Yellow made by the same firm

is nitrobenzidine-disazo-salicylic acid.
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Diamine Fast Red and Anthracene Red are much faster to acids

than the red benzidine dyes which will be next described.

Congo Red (Akt.), (By.) :

C6H4N=:N-CioH5gQ;;^^
J^J

is produced from benzidine and 2 molecules of naphthionic acid.

It is the first dye of this series, having been discovered by Bottiger

in 1884, and first put on the market by the Berlin Aktiengesell-

schaft fiir Anilinfabrikation. A characteristic property of this dj'^e

is that its dyeings (as also the colouring matter itself) are turned

blue by the slightest trace of an acid.

It is possible that the blue dye acid may be quinoid ;
* treatment

with alkalis reconverts it into the red alkali salt.

This sensitiveness to acids makes Congo Red a useful indicator,

f

but of course diminishes its value as a dye. Nevertheless, considerable

quantities are made for the Eastern Asiatic market.

By the action of formaldehyde iipon a mixture of o- and ^-toluidine,

aminobenzyl bases of the composition :

/CH3 /CH3
C6H4-NH -CH2-C6H3-NH2

are formed, the hydrochlorides of which are sold by the Hochst Farbwerke
as Solidogen. They are used for after-treatment of dyeings with Congo
Red and similar colours by which means the latter are rendered faster

to acid. This beneficial action of Solidogen may be due to benzylation

of the amino group of the dye in question, to form the group :

-NH- CH2-C6H3<^^=^

Of greater practical importance, as being less sensitive to acids,

are a whole series of benzidine colours, chief among them being the

Benzopurpurines (By.), (Akt.). These were discovered shortly after

Congo Red, by Duisberg, and have the following composition :

/CH3 /NH.
C6Hj^N-N-CioH5S03Na

I
/NHo

C6H3-N=N-CioH5S03Na
\CH3

The important brand 45 is prepared from tolidine and 2 molecules

of naphthionic acid, and is also met with in commerce under the name
of Cotton Red 5B (B.A.S.F.). A number of very similar dyes contain,

* Schaposchnikoff, Zeitsch. f. Farben- und Textilchemie, 1912, 301.

t Cf. Vaubel, Zeitsch. /. Farben- und Textilchemie, IV. Jahrg., 89.
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instead of naphthionic acid, other naphthylaminesulphonic acids (in

particular the j3-naphthylaminesiilphonic acid 2:7) or benzene

derivatives ; for example, Cotton Red 4<B, which is made from tolidine,

naphthionic acid and resorcinol.

Other similar dj^es are : various brands of Congo, such as Brilliant

Congo (By.), '(Akt.), also Brilliant Purpurine (Akt.), Delta Pur-

purine 5B (By.), (Akt.), Diamine Red 3R (C), etc. They are

extensively^ employed, especially in the imitation of Turkey red in

cotton dyeing.

As an example of the dyes derived from dichorbenzidine may be

cited Toluylene Red (Oe.), Acetopurpurine (Akt.), which is produced

by coupling the base in question with 2 molecules of 2-naphthylamine-

3:6-disulphonic acid, and is very fast to acids.

Congo Corinth:

/CH3 /NH2
CoHsN-N-CjoHsSOsNa

I

/OH
C6H3N=N-Ci«H5S03Na

\CH3

prepared from tolidine, 1-naphthylamine- and l-naphthol-4-sulphonic

acid. This is a brownish-red, which is vised for the production of

Bordeaux shades on cotton. The Congo Ruhine of Fr. Bayer & Co.

is isomeric with it.

By the use of dianisidine instead of tolidine Azo Violet (By.) is

produced.

Heliotrope (By.), (Akt.) :

/OCH3 /NH.CH3(2)
C6H3N=N-CioH5S03Na (7)

I

C«H3N=--:N-CioH5S03Na (7)

\OCH3 \NH.CH3(2)

is of a still more bluish shade than the foregoing, and is well adapted

for the production of pale heliotrope shades on cotton (particularly

the BB brand).

If 2 molecules of naphtholsulphonic acid be allowed to act on

diazotized tolidine, the product forms the blue benzidine colour

(discovered by Duisberg), Azo Blue

:

/CHa /OH (1)

CtfHs-N-N-CioHsSOsNa (t)

I

/OH (1)

C6H3-N=N-CioH5S03Na (4)

\CH3

This was, in fact, the first technically valuable blue azo dye known.*

* The first blue azo dyes wore obtained in 1883 by Nietzki [Ber. 17, 344 (1884)]

and G. Schultz [Ber., 17, 4(32 (1884)].
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It is only of use in cotton dyeing, and owing to its ugly reddish
shade is of but slight value.

Benzazurine (By.), discovered by C. Duisberg :

/OCH3 /OH (1) (1)

CeHa-N-N-CioHaSOsNa (4)
°^

(5)

I

/OH (1) (1)

CeHs-N^N-CioHsSOsNa (4)
°^

(5)

\OCH3

was the first valuable blue benzidine dye to be made. It is a purer
blue than the one last named, but still too reddish in tinge to be used
in the preparation of green ; it is much used in cotton dyeing. The
colours are rather fugitive to light, and are turned red by alkali, for

which reason special importance attaches to the after-treatment with
copper already noted in connection with this group of dyes. When
thus treated the fastness of the Benzazurine dyeings to light is greatly

improved. A peculiarit}^ of these dyes is that their dyeings become
reddish when ironed, reverting, however, to the original beautiful blue
shade on cooling.

Dianisidinc Blue (M.L.B.), (By.)

:

/OCH3
CeHa-N^N-CioHoOH {B)

» I

CoHs-N-N-CioHeOH (fi)

\OCH3

On comparing the formula of this colour with that of Benzazurine, it

will be seen that their composition is identical, except for the sulphonic
groups and the position of the OH groups ; however, as already stated,

sulphonic groups have usually only a slight effect on the character
of a dye but render it soluble in water.

As Dianisidine Blue is insoluble in water it cannot be used as such
for dyeing, but it must be produced on the fibre (cf. Nitraniline Red).
This may be effected, according to a method worked out by the Farb-
werke Hochst, by printing with diazotized dianisidine, to which
copper salts have been added, on materials previously impregnated with
jS-naphthol : in this way dyeings are obtained of a deep indigo blue

shade. It seemed at first as if Dianisidine Blue was likely to occupy
an important position in calico printing ; owing, however, to the sensi-

tiveness of the dyeings to acids, these expectations have only partly
been fulfilled.

This lack of fastness to acids is due to the presence of the copper,

for the violet lake formed from dianisidine and jS-naphthol is stable

to acids and it is only on the addition of copper salts that the blue

(copper) lake is produced which is sensitive to acids.

It is interesting to note that further attempts to utilize copper
compounds have been made by the Ges. f. Chem. Ind., who describe

the preparation of copper compounds of substantive dyes produced
by treating with copper salts the disazo dyes obtained from substituted
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para-diamines containing at least one ortho-alkoxy group with respect

to an amino group and either two mols. J-acid or its derivatives

or one mol. of J-acid and one mol. 1 : 8-aminonaphtholsulphonic acid.*

For instance the dye,

-TiJ-acid

Dianisidine

^1 : 8-aminonaphtholsulphonic acid

yields a soluble copper compound which dyes cotton directly, the

dyeings obtained being fast to alkalis.

Shades are obtained which are considerably faster to acids by

the use of 2 : S-hjidroxynaphthoic acid in place of jS-naphthol.f This

is placed on the market mixed with j8-naphthol as NaphiholD (M.L.B.),

whilst an even better substitute is Naphihol AS (Oe.), which is the

anilide of ^-hydroxynaphthoic acid, and yields fast blue lakes with

dianisidine without the use of copper.

Mention may also be made at this point of a black developed dye

from benzidine, dianisidine, and ^S-naphthol. The mixture of these

two bases is put on the market as Azo Black Base O (M.L.B.).

By the use of peri derivatives as components, pure blue benzidine

dyes have at length been obtained, 1 : 8-dihydroxynaphthalene- and 1 :
8-

aminonaphthol-4-svilphonic acid, as also 1 : 8-aminonaphthol-3 : 6-, and
-2 : 4-disulphonic acid, having proved especially valuable for this purpose.

Several of the dyes prepared in this manner give more brilliant shades

when benzoylated. 2:8-Aminonaphthol-6-sulphonic acid, coiipled in

alkaline solution, is of special importance for the production of black

dyes. When coupled in acid solution it gives violet dyes, fast to light,

like Diamine Violet (C). The following may serve as examples :

Brilliant Azurine (By.) :

/OCH3 rOHV^

from dianisidine and 1 :8-dihydroxynaphthalene-4-sulphonic acid.

Diamine Blue BB (C.) :

/OH
C6H4-N=:N-CioH:5NH2

%(S03Na)2

/OH
C6H4-N=N-Cj,)H3NH2

\(S03Na)2

prepared b}' coupling tetrazotized benzidine with 2 molecules of 1:8-

aminonaphthol-3:r)-disulphonic acid in alkaline solution.

Diamine Pure Blue (C.) is produced in a similar way from

* E.P. 113141. t E.P. 10085/14.
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dianisidine and the same aminonaphtholsulphonic acid. It is

characterized by its particularly pure blue dyeings, and is identical

with Benzo Pure Blue (By.) and Congo Pure Blue (Akt.).

The handsomest and clearest blue dye of this group is Chicago
Blue QB (Akt.), Brilliant Benzo Blue QB (By.), or Diamine Pure Blue
FF (C), which is prepared from dianisidine and 1 :8-aminonaphthol-

2:4-disuIphonic acid.

A considerable number of identical blue colours are met with in

commerce under the names Benzo Blue, Diamine Blue, Benzo
Cyanine, Diamine Cyanine, Congo Blue, Congo Cyanine, Chicago
Blue, and Columbia Blue. These are tetrazo dyes from tolidine or

dianisidine and 1 : 8-aminonaphthol-4-sulphonic acid, or mixed peri-

aminonaphtholsulphonic acid dyes, mostly prepared with 1 :
8-

aminonaphthol-4- arid 2 : 4-disulphonic acids. Thej^ belong to the

so-called " Blue Convention." *

The " Blue Convention " deals with the following colours :

Benzo Blue 3B, 2B, and BX, identical with Congo Blue SB^
2BX, BX, and Diamine Blue 3B, 2B, BX.f

Benzo Blue 2R, 4>R, RW, identical with Chicago Blue 27?, 4/?,

RW, and Diamine Blue C2R, C4R, RW.
Chicago Blue B, R, identical with Diamine Blue CB, CR.
Chicago Blue QB, identical with Brilliant Benzo Blue 6B and

Diamine Pure Blue FF.
Benzo Pure Blue {concentrated), identical with Congo Pure Blue

and Diamine Pure Blue.

Benzo Pure Blue, identical with Congo Pure Blue A and Diamine
Pure Blue A.

Benzo Pure Blue 4!B, identical with Chicago Blue ^B and Diamine
Blue C4B.

Benzo Cyanine SB, B, R, identical with the corresponding brands

of Congo Cyanine and Diamine Cyanine.

Benzo Red-blue G, R, identical with Columbia Blue G, R, and

Diamine Blue LG, LR.

To this group (though not to the Blue Convention) belong also

the following dyes : Dianil Blue R and B (M.L.B.), from benzidine

(or tolidine or dianisidine) and chromotropic acid ; Diamine Brilliant

Blue (C), from dianisidine, 1 : 8-chlornaphthol-3 : 6-disulphonic acid

and naphtholsulphonic acid ; Oxamine Blue and Oxamine Violet

(B.A.S.F.), produced by the aid of 2:5-aminonaphthol-7-sulphonic

acid ; the Oehler colovars, Azo Mauve, Azo Black-blue, Naphth-
azurine, etc.

Mention may be made here of 2 : 3-dihydroxynaphthaline-6-sulphonic

acid which is marketed as " Developer ES " (By.) ; with tetrazotized

benzidine it yields a black which is suitable for calico printing but

has not attained much importance.

* This Convention between the various colour factories was made with the

object of fixing the prices of competing dyes.

t Benzo Blue 3B has also been used as Trypan Blue for therapeutic pxirposes

in the case of diseases due to trypnasomatic infection such as sleeping sickness.



POLYAZO DYES FROM BENZIDINE BASES 137

PoLYAZo Dyes from Benzidine Bases.

Benzidine colours from aminonaphtholsulphonic acids still contain

free amino groups and may be transformed into polyazo dyes by
diazotizing and coupling with azo components. This has led to a

very important method for dyeing cotton which consists in converting

a suitable benzidine colour into a polyazo dye on the cotton fibre itself.

The prosess is carried out as follows : the material is first dyed in the

usual way, the dyed cotton is then treated with sodium nitrite and
hydrochloric acid in a second bath, and finally it is placed in a third
" Developing Bath," where the diazo compound already formed is

coupled with a phenol or amine, the latter substances being known'

as " Developers."

Such colours " developed on the fibre " are deeper in shade and
faster, in most cases, than the original dyeings obtained in the first

bath.*

The oldest dye of this group is Diamine Black RO,^ introduced by
L. Cassella & Co.

It is produced by the action of 2 mols. aminonaphtholsulphonic

acid G upon benzidine :

/NH. (7)

C6H4N-N-C10H4OH (I)

I

\SO3Na (3)

I

/NH2
C6H4N=N-CioH40H

\SO3Na

The coupling must be effected in an alkaline solution, a different

dye, Diamine Violet N (C), being obtained when an acid solution is

employed.

In place of aminonaphtholsulphonic acid other isomers or similar

compounds are used for the preparation of dyes.

Of the various Diamine Blacks, or Diazo Blacks, the mark BH
is the one mostly used as a diazotizing colour.

A large number of these dyes, diazotizable on the fibre, are met
with in commerce under a variety of names ; some of them, however,

belong to the trisazo dyes, and to classes derived from bases other

than benzidine. Dark blue and brown colours are also produced by
diazotization on the fibre.

These colours also yield useful dyeings by themselves, but for tbe

most part they are diazotized and developed.

This development process was first used in the case of Primuline

(v.i.) and was then worked out in the laboratories of Fr. Bayer & Co.

and L. Cassella & Co. for the benzidine colours ; it is now one of the

most important methods of dyeing.

The developers used comprise : Phenol as a yellow developer ;

* Usually the fastness to washing is increased but not the fastness to light.

f The BO brand is prepared from ethoxybenzidine, instead of benzidine, and
the BH brand (identical with Bayer's Diazo Black BHN) from benzidine, 2 : 8-

aminonaphthol-6-sulphonic acid and 1 : 8-aminonaphthol-3 : 6-disulphonic acid.
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/S-naphthol, particularly for red shades {Red Developer, Developer A),

m-phenylene diamine, especially for brown shades {Developer C or E) ;

naphthylamine ethers ; aminodiphenjlamine {Fast Blue Developer,

Developer AD (C.)) ; aminonaphtholsulphonic acids, e.g. amino-j8-

naphtholsulphonic acid G {Blue Developer AN (C.) ; alkyl-j8-naphthyl-

amine {Bordeaux Developer, Developer B) ; nitrobenzidine {Developer

NB) ; 2 : S-dihydroxynaphthalene-ti-.sulphonic acid {Developer ES) ;

phenylmethylpyrazolone {Developer Z) ; 1 : 3-dihydroxyqiunoline,

aminocarbazole {Carbazole Developer B), etc. Some of the colours

obtained by direct dyeing are entirely altered by diazotizing and develop-

ing, the blue produced by Benzo Blue (By.), for instance, being turned

grey by diazotizing and developing. Sometimes, after diazotizing,

a treatment with soda is given, instead of developing, whereby the

diazotized amino group is apparently exchanged for hydroxyl ; this

may be done in the case of Columbia Black, Diazo Brilliant Black,

etc.* The last-named dye, for example, gives a dirty red when used

direct ; but this is changed into a handsome catechu brown by diazo-

tization and treatment with soda, whilst by treating the diazo com-
pound with developers a black is obtained.

Another highly important method of development consists in

coupling the dye, already fixed on the fibre, with diazo compounds.

For this purpose diazotized jo-nitraniline is utilized almost exclusively,

which may either be prepared direct from nitraniline or may be applied

in the form of one of the stable preparations already mentioned, such

as Nitrazol, Azophor Red, Parazol, etc. Dyes containing free —OH or

—NH2 groups are equally suitable for development- with diazo-para-

nitraniline and, according to their constitution, one or more diazo

groups may be introduced.

Among the colours which can be developed by means of diazo-jo-

nitraniline are the Para colours (By.), Diamine Nitrazole colours (C),

and Paraphor colours (M.L.B.) ; whilst such dyes as Diazo-Fast
colours (By.), Diazanil colours (M.L.B. ), Diamine Azo colours (C), etc.,

are intended to be diazotized on the fibre and then developed. Generally

speaking, dyes belonging to the former category are less fast to light

than the remaining colours, especially in the cases of black and blue

dyes.

In the cases described disazo dyes are converted on the fibre into

dyes containing three or more azo groups and similar colouring matters

—that is to say, polyazo dj'^es—are also prepared in the finished state

and placed on the market. For this purpose use is generally made of

the property of tetrazotized benzidine bases of forming an inter-

mediate product with 1 molecule of an azo component. Thus, for

example, when a-naphthylamine is allowed to act on tetrazotized

benzidine (or tolidine), the substance

C6H4-N=N-CioHcNH2
I

C6H4-N--:N -CI

* The B brand (By.) of this dye is prepared from dianisidine and 2 mols. 1 :
6-

naphthylaminesulphonic acid.
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is obtained as the first product. On then diazotizing the NH2 group

of the naphthylamine complex there are formed two free diazo groups,

which can be combined with different azo components. The above
substance, for example, can be made to unite with 2 mols. of 1:8-

dihydroxynaphthalene-4-sulphonic acid to yield a blue dye, Benzo
Indigo Blue (By.), or with 2 mols. of 1 : 8-aminonaphthol-3 : 6-disulphonic

acid to give a greenish-blue dye, Diazo Blue-black (By.).

Very frequently 2 : 8-aminonaphthol-6-sulphonic acid is used instead

of a-naphthylamine as the intermediate link. Such dyes therefore

possess the general formula :

C6H4-N=N-X-N=--N-Y

C6H4-N-^N-Z

where X, Y and Z may be the same or different bodies. Benzidine

may, of course, be replaced by other similar bases, such as tolidine,

dianisidine, etc.

The following dyes may be given as examples :

—

Columbia Black R (Akt.)

:

/CH3 /OH /CH.3
CfiH3-N=N-Ci,)H3-N-N-C6H2NH2

^(S03Na)2 \NH2

I

/CH3
C6H3-N-N-C6H2NH2

\CH3 \NH2

This is prepared by first combining tetrazotized tolidine with 1

molecule of 2 : 8-aminonaphthol-3 : 6-disulphonic acid to form the

intermediate product

:

/CH3 /OH
C.5H3-N-N-C10H3-NH2

I

\(S03H)2
C6H3-N=N-C1

\CH3

the NH2 group of the aminonaphtholsulphonic acid being then

diazotized, and the resultant product coupled with 2 mols. of m-
toluylenediamine.

The B brand of this Columbia Black (from dianisidine) was the

first substantive cotton colour to give a deep black direct (i.e. without

further development on the fibre).

Diamine Bronze :

C6H4-N-N-CioH3-N=N-C6H3^^^-
(SOsNa):

C6H4-N=N-C6H.3^Q()jj

NH2

from benzidine, 1 :8-aminonaphthol-3: 6-disulphonic acid, salicylic acid

and m-phenylenediamine is largely used for dyeing cotton.
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Of similar composition are Benzo Olive (By.), Benzo Grey (By.),

Benzo Black-hlue (By.), Direct Deep Black (By.), Direct Blue-hlack
(By.), Oxydiamine Black (C), Carbide Black (I.), etc.

Dyes of this type are also produced by first combining two azo
components to form a simple azo colour and then using the resultant

dye as a simple passive azo component.
Diamine Green (C), a valuable technical colour, may serve as an

example. It is prepared by first combining ^-nitraniline with 1:8-

aminonaphthol-3 : 6-disulphonic acid in acid solution, and then coupling
the azo dye so obtained with tetrazotized benzidine in alkaline solution

to give a further intermediate which still possesses a free diazo group,
and then combining the product with phenol : the dye has therefore

the formula :

H0\/NH2
C6H4-N=N-CioH2-N=N-C6H4N02

I

(803Na)2

C6H4-N=:N-C6H4.0H

The G brand contains salicylic acid in place of phenol. Diamine Green
was the first green substantive dye to be obtained : at the present

time several such are known but they give only dull shades ; the most
brilliant is Brilliant Benzo Green (By.). Other dyes of similar composi-
tion are : Columbia Green (Akt.), Direct Green CO (L.), produced
from benzidine, 1 : S-aminonaphthol-3 : 6-disulphonic acid, sulphanilic

acid and salicylic acid ; Eboli Green (L.), Diphenyl Green (Gy.),

Chloramine Green B (S.), Dianil Green (M.L.B.), etc.

Of the various brands of Chloramine Blue (S.), the ^G variety has
the constitution :

^^ H-acid
Benzidine

H-acid

Dichloraniline ^
In the same category may also be classed a number of dyes pre-

pared by coupling the intermediate product from tetrazotized

benzidine and salicylic acid (or other components) with Chrysoidine

or with a resorcinol monoazo dye. They are, however, usually and
more conveniently prepared in such a way that the monoazo dye in

question is applied in an unfinished state, e.g. by coupling tetrazotized

benzidine with salicylic acid and resorcinol, and then allowing a diazo

compound to act on the resulting tetrazo dye. The diazo group

attaches itself to the resorcinol nucleus. On employing sulphanilic acid

or naphthionic acid as the diazo compound in this example, the product

known as Congo Brown G and B (Akt.), is obtained :

(0H)2

C6H4—N=N—C6H2—N=N—CeHiSOsNa

C6H4—N=N—CeHa^^^jj
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These colours are also sometimes produced on the fibre by intro-

ducing the final component as a diazo compound into the molecule

of the dye after dyeing.

Dianil Black R (M.L.B.) is produced from benzidine, 1 : 8-dihydroxy-

naphthalene-4-sulphonic acid, naphthionic acid and m-phenylene-

diamine. A similar composition is possessed by Patent Dianil Black
(M.L.B. ), Naphthamine Direct Black (K.), Direct Deep Black
(By.), etc.* :

iH-acid <— Amine
Benzidine

^m-phenylenediamine

These colours have become of some importance latterly not only

because development on the fibre with diazo-^ara-nitraniline increases

very considerably the fastness to washing, but also because the

majority of these dyeings can be discharged to a clear white with

hydrosulphite.

The following more recent dyes are to be included amongst the
" Developed Colours "

: the dye of the Diamine Green type which

is prepared according to the scheme :

Salicylic (or cresotinic) acid <— Benzidine —> K-acid
(acid)

and is converted into a green dye by alkaline development with Nitrazol,

either on the fibre or in the free state ; and also the similar dye prepared

with the aid of phenol.

f

The composition is similar to that of Diamine Green, but the dyes

derived from K-acid are faster to washing tlian those from H-acid.

The combination :

r^jK-acid (acid)

Tolidine.

^R-acid

can also be developed on the fibre to a green.

It has not thus been found possible to improve very greatly on

the Diamond Green type for the production of green shades.

As an example of a diazotizable dye belonging to this group we
may note Diazo Olive (By.), which was the first green diazotized

colour ; it has the composition :

^Salicylic acid

Benzidine
^1 : 8-aminonaphtholsulphonic acid <— ^-phenylenediamine

and may be developed with j8-naphthol.

Dianil Black PR (M.L.B.) is a tetrakisazo dye belonging to this

group, it has the composition :

* In this case the benzidine is coupled with H-acid in acid solution, the diazo-

tized amine is then coupled in alkaline sokition, and lastly the product is combined

with the diamine.

t D.R.P. 204707; E.P. 11355/09; Ch. Ztq. Rep., 1910, 230.
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^,y-acid

—

> m-phenj^lenediamine

Benzidinemonosulphonic acid

^'y-acid —> m-phenylenediamine

its dyeings are developed with diazotized ^-nitraniline.

During the action of monoazo dyes on tetrazotized benzidine bases

it has been found that, in some cases, only 1 molecule of the former

is needed to saturate the tetrazotized base. It is assumed that, in

such cases (when benzidine is used), an atomic complex of the following

type is produced *
:

\
OH

^ C6H4—N=N- C10H3NH2

I

SOsNa
N

N

Finally, mention may be here made of the benzidine dyes prepared

from dihydroxydiphenylmethane. These are obtained by the action

of 2 mols. of the intermediate product from tetrazotized benzidine

and an azo component on 1 mol. of dihydroxydiphenylmethane.

Mekong Yellow (DH), belonging to this class, is prepared from benzidine,

salicylic acid and dihydroxydiphenylmethane, and has, therefore, the

following composition :

CeHi—N=N—CeHg

C6H4—N=N—

V

Dihydroxydiphenylmethane
' C6H4—N=N—

/

C6H4—N=N—CeHs^^^jj

Direct Cotton Dyes from other Binuclear Bases

Examples of these are given by the following :

—

Sulphon Azurine (By.) is derived from benzidinesulphone :

NH2
<^ \

<^
\NH2

and corresponds to the formula :

/SOaNa
C6H2—N=N—CioHeNH . CeHs

I

>S02
CeHa—N=N—CioHeNH . CeHs
\SO3Na

* D.R.P. 86198.
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It is prepared by the action of 2 molecules of phenyl-j8-naphthylamina

on diazotized benzidinesulphone disulphonic acid.

Both this dye and the allied Brilliant Sulphon Azurine (By.) are

purer and greener blues than Benzazurine ; they are better adapted

for dyeing wool than cotton.

The " Stilbene dyes " are derived from diaminostilbenedisulphonic

acid :

/SOsNa
CH—CeHa—NH2

il

CH-C6H3-NH2
\SO3Na

by diazotizing this body and then allowing phenol, salicylic acid,

naphthylaminesulphonic acids, etc., to act on it.

Brilliant Yellow (By.), (L.),

y^Phenol

Diaminostilbenedisulphonic acid^

^Phenol

is sensitive to alkalis and copper but is very fast to light. It is used

for colouring paper.

Chrysophenine is produced by ethylating Brilliant Yellow, both

hydroxyls being esterified ; in distinction to the latter dye it is un-

affected by alkalis and is one of the most valuable and popular sub-

stantive yellow colours. It may be used equally well for all textile

fibres. The dyeings produced by its aid are extremely fast in all

respects.

The " Hessian " series of colours made by A. Leonhardt &Co. also

belong to the Stilbene group, e.g. Hessian Yellow, Hessian Violet,

Hessian Purple, etc.

Another member of this class is the colourless Diazo Fast Yellow

(By.), which yields a yellow shade on development with " Developer

Z " (phenylmethylpyrazolone).

A series of red dyes is obtained from diaminoazoxybenzene r

and its homologues. The most important of these is St. Denis Red

:

/CH3 m OH (1)

C6H3-N-N-CioH.3S03Na (4

1
^0
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These dyes may be formed either from the corresponding azoxy

base or by the alkaline reduction of a nitro-monoazo colour,* e.g. :

CeHi—N=N--CioH5oQ tt

/NO2 Nx

OH
C6H4-N=:N-CjoH5go^jj

This is applied to cotton in a different manner from the benzidine

colours, an addition of common salt and soda lye being made to the

dye bath, and the goods being afterwards passed through sulphuric

acid. These dyeings are better able to resist mineral acids than those

obtained with the benzidine dyes.

Latterly St. Denis Red has also been put on the market under

other names : Dianthine Red 41? (R.H.), Rosophenine 4B (Clayton

Aniline Co.) and Trona Red (Bayer & Co.). Good blue colours are

prepared from ^-aminoazoxybenzene with aminonaphtholsulphonic

acids (e.g. 1 : 8-aminonaphthol-3 : 6-disulphonic acid).

Salmon Red and Cotton Yellow G (B.A.S.F.) are derived from a

diaminodiphenylurea :

/NH.C6H4NH2
CO
\NH.C6H4NH2

In the former case naphthionic acid, and in the latter salicylic acid,

is used as the second component.

Yellow to orange direct colours which are said to be faster than

Cotton Yellow can be obtained by the action of phosgene on various

aminoazo compounds. Thus the coupled product from sulphanilic

acid and o-anisidine yields a urea derivative of the following com-
position f :

OCH3

-N-N-CeHiSOsNa

NU/ N-N-N-CoHiSO^Na

OCHs

The dye so obtained comes into the market as Benzo Fast Yellow,

Benzo Fast Orange (By.).

Heligoland Yellozv (Notzel) is produced from diaminodiphenyl-

thiourea, phenol and salicylic acid.

Amongst the developed colours belonging to this group we may
mention : the brown dyes of the type :

* Rosenstiehl, Chem. Centr., 1901, I 1153.

t D.R.P. 216666, 222753, 216685 ; E.P. 13727/09.
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m-phenylenediamine

J) :^'-diaminodiphenylurea-m : m'-disvilphonic acid.

^m-phenylenediamine

e.g. Para Fast Brown GR (By.),* and also the dye from p:p'-di-

aminophenylether-o-sulphonic acid+m-diamine (or m-aminophenol).

A colourless dye belonging to this group is Diazo Fast Yellow

2G (By.) from 2>:2''-diaminodiphenylureadisulphonic acid and 2 mols.

p-aminobenzoylchloride which gives yellow dyeings by diazotizing on

the fibre and developing with phenylmethylpyrazolone.

Dyes from J-Acid.

During recent years important red colouring matters have been

obtained by Fr. Bayer & Co. from the urea and thiourea derivatives

of certain aminonaphtholsulphonic acids. f The most suitable of these

is 2:5-aminonaphthol-7-sulphonic acid or J-acid, which has also proved

to be a useful component in the production of other direct colours. On
treating it with phosgene, in the presence of substances which can

combine with acids, a urea derivative of the naphthalene series is

obtained of the following composition :

HO3S NH-CO-NH= -SO3H

OH OH

On treating this with 2 mols. of a diazo compound dyes are obtained

which are characterized by the clearness of their snade and their great

fastness to acids, f They are, however, more expensive than the

much more fugitive Benzopurpurine.

In distinction to the dyes obtained from urea derivatives, which

we have already mentioned above, these are primary disazo dyes.

Still better dyes may be obtained by the use of the corresponding

thiourea derivatives of 2 : 5-aminonaphthol-7-sulphonic acid which

can be readily prepared by means of thiophosgene.§ Finally, similar

products may also be obtained by condensing simple monoazo dyes,

derived from diazo compounds and 2:5-aminonaphthol-7-sulphonic

acid, with phosgene, thiophosgene or carbofti bisulphide.
||

These dyes are found in commerce as Benzo Fast Red, Benzo Fast

Pink, and Benzo Fast Scarlet.

Similar dyes containing the group

-NH-CH2-CH2-NH-

instead of the urea radical, are obtained by acting with ethylene halides

* D.R.P. 216685.
•]• In particular from those which do not contain —OH or —NH2 groups in

either the ortho or peri positions.

% D.R.P. 122904; E.P. 3615/00.

§ D.R.P. 126133; E.P. 3615/00. ||
D.R.P. 132511, 133466.
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upon the aminonaphtholsiilphonic acid in question,* and coupling
the product with diazo compounds. In an analogous manner dyes
have been obtained containing the groups

-NH-CH2—CO-NH

-

by the use of chloracetyl chloride, f
In addition to J-acid itself the aryl and acyl derivatives are fre-

quently made use of. Benzo Fast Red (By.) is obtained, for example,
from aminoazobenzenesulphonic acid and benzoyl-J-acid, whilst

Benzo Fast Rubine and Benzo Fast Bordeaux (By.) are disazo

colours containing acetyl-2 : 5 : 7-acid as end component.
Violet dyes are obtained by the use of phenyl-J-acid, e.g. Brilliant

Benzo Fast Violet (By.), which have the composition :

Amine —> cresidine —> phenyl-J-acid

or

•7iy-acid

2> :2>'-diaminodiphenylureadisulphonic acid

^phenyl-J-acid

Blue-violet and pure blue dyes are now known in this class, in

particular the colours of the Brilliant Fast Blue series : Diamine Fast
Brilliant Blue (C), Brilliant Dianil Blue (M.L.B.), Brilliant Fast
Blue B (By.), etc., which have the following composition :

H-acid —> j9-xylidine (or *a-naphthylamine or cresidine) —

>

—^ 2-phenylamino-5-naphthol-7-sulphonic acid.

In place of H-alcid, 1 :8-aminonaphthol may be used
; J or again,

1 :5-aminonaphthol-3:7-disulphonic acid may take its place.

A trisazo dye may be produced by inserting 1 : 6-naphthylamine-

sulphonic acid (Cleve) as a third component, as in the case of Benzo
Fast Blue FFL (By.), which corresponds to the formula :

Amine —-> a-naphthylamine —> Cleve 's acid —-•> J-acid

Developed colours can also be made in this group which, like those

already mentioned, may be developed on the fibre with diazo-^-nitr-

aniline. Red dyeings may be obtained in this manner by means of

the coupled product from monoacidyl-p-phcnylenediamincsulphonic

acid and 2:2'-dinaphthylamino-5:5'-dihydroxy-7:7'-disulphonic acid:

HOcS NH /^\/^ SO3H

OH OH

or from the same first component (or 5-nitro-2-anisidine) and the

urea derivative of 2:5: 7-acid.

§

* D.R.P. 126801 ; E.P. 18939/00. f D.R.P. 128195 ; E.P. 18939/00.

t D.R.P. 198102, 199175, 200115, 202116. § D.R.P. 221298.
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Again, the diamine may be coupled with only one molecule of this

component, using naphtholsulphonic acids, etc., as the second com-
ponent : these dyes can also be developed with diazonitraniline.*

Developing colours are also obtainable by the alkaline reduction

of the product from m- or ^-nitrodiazo compounds and 2:5: 7-amino-

naphtholsulphonic acid, azoxy dyes being formed which can also be

prepared by the direct coupling of tetrazo compounds of azoxyamines,

azoamines, or analogous symmetrical bases, with J-acid.f They have
the following general formula :

HO3S

N=:N-R-N—N-R-N=N
NH2 H2N SO.3H

OH OH

and may be developed on the fibre with diazo-^ara-nitraniline.

By condensing a nitro-amine {jp- or w-nitraniline) with p-nitro-

benzoylchloride and reducing the product a diamine is formed of the

type :

H2N-R-NH-CO-C6H4.NH2

On tetrazotizing this and coupling it with 2 mols. J-acid, or aryl

or acidyl derivatives of the latter, orange to red dyes are obtained

which are also capable of development upon the fibre. J

Yellow- to bluish-red disazo colours are known (representing a

transition stage to the Rosanthrenes which we shall shortly discuss)

of the type :

Amine — > ^-aminobenzoyl-2:5:7-aminonaphtholsulphonic acid

—> J-acid (or its aminoaryl or acidyl derivatives §)

corresponding to the formula

OH
HO3S -NH-CO > -N=N-

H03s/\y\y\N:
H

\r'

An example of this is Diazo Brilliant Scarlet BG (By.), from o-

anisidine-aminobenzoylaminobenzoyl-2 : 5 : 7-acid.

The azo derivatives of N-substituted 2 : 5-aminonaphthol-7-sulphonic

acids possessing a so-called " exonudear " or " external " amino group
form a special class of direct cotton colours.

* D.R.P. 218255; E.P. 11253/09.

t D.R.P. 211029, 213278; Fr. P. 337449, and additions.

X D.R.P. 221433.

§ D.R,P, 204102, 205661, 205666 : E.P. 9548/07.
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These colours dye cotton directly and, after diazotization, can be
developed—usually with jS-naphthol—to give reddish shades fast to

washing.

The simplest dye of this group, Rosanthrene O (I.), is derived from
aminobenzoyl-2-amino-5-naphthol-7-sulphonic acid :

/NH2

HOsS^^/N NH.-CO- ^

OH

by the action of phenyl-diazpnium chloride. It has the constitution,

therefore, represented by :

/NH2

NaOsS-

C6H5.N-H/\/\/

OH

NH-co-^3

and is utilized for the production of cheap Turkey Red shades on cotton.

Further dyes belonging to the same group can be obtained by the

use of various diazo compounds and quite a number of such colours

are now to be found in commerce such as Rosanthrene Red,
Rosanthrene Bordeaux, Rosanthrene Pink, Rosanthrene Orange
(I.), etc.

Still further members of this series can be obtained by making
use of 2-amino-5-naphthol-l :7-disulphonic acid, or various derivatives

of amino-J-acid, as azo components.
For example, the Farbenfabriken vorm. Fr. Bayer & Co. carry

out the process thus : Amino-J-acid is first prepared by acting on
J-acid in acid solution with a diazo compound and reducing the product.

On condensing the amino-J-acid with m-nitrobenzoyl chloride and
then warming with acids, the benzoyl compound first formed is trans-

formed into a naphthimidazol derivative :

/SO3H /SO3H

p /-OH . p /-OH
\NH.CO.C6H4.NO2 \ ^ >C-C6H4N02

The nitro group is then reduced to an amino group,* and the

product coupled with a diazo component to give a monoazo dye, which

may be diazotized, in its tUrn, on the fibre and recoupled.

Or again, m-aminophenyl-5-hydroxy-l :2-naphthimidazol-7-sul-

phonic acid may be diazotized, coupled with Schaffer acid, and a diazo-

benzene group attached to the naphthalene nucleus, the resultant

compound having the following formula f :

• D.R.P. 193350. t U.S.P. 973798.
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Na03Sxy\y\jg)c-<( y

C6H5.N=NAy\y
I

OH

/OH

\SO3Na

It is a red direct colour fast to washing, light and acids [Diamine
Scarlet GB (C.)].

In yet another case diazotized ^-xylidine is coupled (alkaline) with

m-aminobenzoyl-J-acid, and the product rediazotized and coupled with

3-aminophenyl-5-pyrazolone-3-carboxylic acid *
:

H03S\y\y\ NH-CO-<; ) ^^
NH2

(CH3)2C6H3 . N=N/LU \N= N-C]^''V<^3
OH

.

^=N
COOH

This dye has a yellowish-red colour owing to the nature of the

end component ; the free amino group allows it to be diazotized and
developed on the fibre.

In place of aminobenzoyl-J-acid (1), the corresponding amino-

benzoylaminobenzoyl derivative (2) may be utilized f :

K03S\/\/\/NH . C6H4 . NH2 H03S\X\/\/NH . CeH-i . NH . CO . CeH^ . NH2

OH (1) OH (2)

Use may also be made of aminophenylnaphthiazole-5-hydroxy-7-

sulphonic acid, or the corresponding naphthoxazole compound, in

place of 1 : 2-naphthimidazole-5-hydroxy-7-sulphonic acid, i.e. :

11/ -^
" UJ

ho3Sy^^Y-n>^~C3 _„ ho3S\^/Vn>^-
NH2

oh OH

Or J-acid can be treated with chlordinitrobenzene, after which the

o-nitro group is reduced and diazotized, a ^-nitrophenylazimino com-
pound being formed :

/NO2

OH

* D.R.P. 223543. f CRP- 286792.
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which is then converted into the amino compound by reduction of

the nitro group, and coupled as before.*

The amino group of J-acid may also be made use of for the for-

mation of a carbazol derivative of the following composition, which is

used as an azo component

:

HOijS

OH

[Naphthamine Fast Scarlet (K.).t]

Two molecules of m-aminophenyl-5-hydroxy-l :2-naphthimidazolc-

7-sulphonic acid may be made to combine together to form a double

imidazole compound, which is then treated in alkaline solution with

diazosulphanilic acid J :

OH

H03S\/\/\l^^C- C6H4-N= N-

C6H5 . N=N/'XXX/ H03S/\/\/.
—NH\

C-C6H4.NH2

I

SO3H OH

The " external " amino group may occur at the end of a long chain

as in the dye of the following composition :

H03S\ X\y\ _j^jj_QQ_ Cgjj4-NH . CO- C6H4NH2

I

OH

patented by the Farbenfabriken vorm. Fr. Bayer & Co.§

The " external " amino group may also be situated in the

first diazo component. For instance, by acting upon ^)-nitro-benzoyl-

chloride with monoformylated diamines and subsequent hydrolysis,

^-nitrobenzoyldiamines are formed which can be coupled with J-acid

or its N substitution products ; the nitro group is then reduced by

means of sodium sulphide.
||

, Dyes are thus obtained of the general

types :

* D.R.P. 214658.

t D.R.P. 228959; E.P. 8127/10.

t D.R.P. 209110.

§ D.R.P. 230595 ; E.P. 14735/10.

II
D.R.P. .208968, 214798.



DYES FROM NAPHTHYLENE DIAMINES 151

NaOsS

H2N-<^ ^-CO-NH-C6H4N=N-i

-N;\R
etc.

OH
which are red to violet developed dyes, according to the nature of the

diamine used.

The A^arious combinations already noted, together with many
others, lead chiefly to the production of red acid-fast dj^es such as

Diazo Brilliant Scarlet (By.), Zambesi Red (Akt.), Diamine Azo
Scarlet (C), Diazanil Scarlet (M.L.B.), Naphthamine Scarlet (K.),

which may be used in place of the older and looser red dyes such

as Congo, Benzopurpurine, etc.

The Azidine Fast Scarlet colours made by Karl Jaeger & Co. also

belong to this group ; Azidine Fast Scarlet GGS, for example, is the

coupled product from 1 mol. o-toluidine with sulpho-m-toluylenediamine-

dicarbonyl - dihydroxynaphthylamine - disulphonic acid, which is

obtained from J-acid and tolujdenediaminesulphonic acid by means
of phosgene. The dye has, presumably, the following constitution :

/CH3 V^
^^''\N^:N-A/"N

NaOsS-\y\y

Na03S-/\/\

-NH-CO-NH

CHa-0-SOsNa

CeH-K
^CHa

-NH-CO-NH

OH

Dyes derived from Naphthylene DiiSiiNES.

When discussing the dyes of the Naphthol Black grouj) attention

was called to the fact that no hard and fast lino could be drawn between
such colours and substantive dyes, since by using certain components
dyes can be obtained having a greater or lesser affinity for the cotton

fibre. A case in point is Diamine Golden Yellow (C), which is obtained

by tetrazotizing 1 : 5-naphthylenediaraine-3 : 7-disulphonic acid, coupling

with 2 mols. phenol and then ethylating, by which means the sensi-

tiveness of the dye to alkalis is diminished. It has the constitution :

N-^N-C6H4.0C2H5

NaOsS-

-SOaNa

C2H50.C6H4-N=N
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and is much used for printing on a(icount of the ease with which it

can be discharged.

In the same category are the Diaminogen colours of L. Cassella

& Co., which are much prized on account of their fastness. They
are prepared in the following way: acetyl-l:4-diaminonaphthalene-

7-sulphonic acid is diazotized, coupled with a-naphthylamine, again
diazotized and imited with a second azo component. The resultant

product has accordingly the following composition :

NH.Ac

HOeS

N=N-CioHa-N=N-R

Finally, the acetyl group is removed by hydrolysis. If 2 : 6-naphthol-

sidphonic acid be used as the end component the product is

Diaminogen Blue BB, whilst 2 : 8-aniinonaphthol-6-sulphonic acid

leads to the formation of Diaminogen Black.

In order to compete with Diaminogen Blue various other blue

colouring matters have been synthesi2;ed of the following type :

4-nitro-l-naphthylamine 6(7)-sulphonic acid —> ^-xylidine (etc.) —

>

—> naphtholsulphonic acid

the nitro group being subsequently reduced to an amino group.*

Developed colours may also be prepared from dianisidine and

similar ^-diamines in accordance with the following scheme :

vj 1 -acidyl-^eri-aminonaphtholsulphonic acid

Dianisidine

4-acetylamino-2-aminotoluene

if the para position to the amino group in the acetylated ?^i-diamine

is free f ; similar dyes are also obtainable having the composition :

Substituted acyl-jp-phenylenediamine —> Cleve's acid — > naphthol

(or its sulphonic acid), and subsequent hydrolysis.

J

Trisazo dyes such as the following may also be used :

o-sulphanilic acid —> 1 : 6-naphthylaminesulphonic acid —> l:7-naph-

thylaminesulphonic acid —> 4-acetylamino-2-aminoanisol

the end component must, however, be a monoacetylated w-diamine.§

This dye in particular is of interest as it contains two naphthylamine

groups.

• D.R.P. 222890 ; E.P. 15403/09. f D.R.P. 214352.
* D.R.P. 205421. § U.S.P. 920151 ; Fr. P. 395S60.
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Diazo Fast Green (By.), a diazotizable dye belonging to this group,

may also be mentioned ; it is composed thus :

Amino-Cleve's-acid —> Cleve's acid —> y-acid —> methylketol

Finally, certain dyes may bo noted here which are prepared from

1:8-, or 2:3-diamino-, -aminohydroxy-, or -dihydroxynaphthalene-

sulphonic acids as follows : first 2 mols. ^-nitrodiazobenzene are intro-

duced into the molecule :

X Y

N02C6H4-N=N

NaO^S-

N-N-C6H4NO2

-SOsNa

HO;:S-

(X and Y

—N=N-C6H4N02

OH or NH2)

the NO2 groups are then reduced to —NH2, diazotized and coupled

with azo components ; the products are black dyes.

Substantive Dyes derived from Diamines of the Benzene Series.

For the production of substantive dyes the following diamines

of the benzene series are utilized : ^^-phenylenediamine, m-phenylene-

and m-toluylenediamine, ^-diaminodiphenylamine, and their sulphonic

acids.

Dyes may be obtained from 73-phonylenedianiine having similar

constitutions to those of the Naphthol Black series ; that is to say,

only one of the amino groups is diazotized, e.g. Nyanza Black (Akt.)

:

/NH2 (bt)

C6H4-N=N-CioH6-N=
/NH2 (2)

:N-CioH4-OH (8)

\SO3Na (6)

Very clear blue cotton dyes which are fast to light can be obtained

by the use of Cleve's acid (1:8- or 1 : 7-naphthylaminesulphonic acid)

as second and third components, the end component being 2:5-amino-

naphthol-7-sulphonic acid.*

Other direct cotton colours derived from ^-phenylenediamine show

a similaritv in their constitution to the benzidine colours, e.g. Violet

Black (B.A.S.F.):

CoH^

/OH
^N-N-CioHs-SOsNa

'\N-N-CioH6-NH2

Cf. D.R.P. 121421 (By.) ; E.P. 3673/00.



154 DYE CHEMISTRY

prepared from ^-phenylenediamine, 1 : 4-naphtholsulphonic acid and
a-naphthylamine. It was the first black substantive dye obtained.

Para Black R (By.) is a very simple developed dye of the com-
position :

• 7;l:8:4-aminonaphtholsulphonic acid

p-phenylenediamine

.

^'m-phenylenediamine

as also is the dye from ^-aminochrysoidine and K-acid in acetic acid

solution ; the direct dyeing is blue, but when developed with diazo-/)-

nitraniline it becomes black.*

To this group belongs also Columbia Black FFS (Akt.) :

-7,a-naphthylaminesulphonic acid Cleve (1:7)

2?-phenylenediamine

.

•^'y-acid —^ m-phenylenediamine

as also does Naphthamine Fast Black RS (K.) :

-7,r»-phenylenediamine

p-phenylenediamine

.

^H-acid

p-phenylenediamine^
^m-phenylenediamine.

If the diamine in black cotton colours of the type :

-Tjy-acid <— w-diamine

^-phenylenediamine.

^w-diamine.

be replaced by m-aminophenylglycine the dyes thus produced have

much less affinity for woollen fibres.

f

In a similar way ^-diaminodiphenylamine and its monosulphonic

acid may be used for the production of direct colours. For example,

Diamine Deep Black SS, etc., (C.) and Pluto Black (By.) have the

following composition :

• (alk) (alk)

^y-acid —> y-acid

p :^'-diaminodiphenylamine.

^m-phenylenediamine.

Another interesting dye has the constitution :

^y-acid —> m-aminophenylglycine

^-diaminodiphenylamine.

^w-arainophenylglycine
;

its dyeings after treatment with formaldehyde are a deep black fast

to light, Plutoform Black (By,).

* U.S.P. 936465. t D.R.P. 205251, 206954; E.P. 17743/06.
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It has been found that azo colours which contain resorcinol as

end component (or m-aminophenol or m-phenylenediamine) will

combine with formaldehyde, either in solution or in the fibre, to give

insoluble condensation products which render the dyeings so produced
extremely fast. Colours of this type are now prepared by several

firms and come into commerce as Plutoform dyes (By.), Naphthoform
dyes (K.), and Formal Fast dyes (Gy.), Diamine Aldehyde colours

(C), and Vulcan colours (Lev.).*

Dyes containing the atomic complex :

N-N-/ ^-N-N-/ ^-N=N-

which are derived therefore from ^-diaminoazobenzene, are used as

black ice-colours, fast to chlorine, for calico printing (M.L.B.) ; the

following diamine, for example, is used for this purpose :

CH3
I

H2N-C6H4-N=N-<(^~2)-NH2

2>-Aminochrysoidine of similar constitution has been brought into

commerce for the same purpose, under the name of Azotol C (C).

It gives a black with j8-naphthol.

A large number of polyazo dyes, yielding brown shades for the

most part, are derived from me^a-phenylene- or -toluylenediamine

or their sulphonic acids ; substantive dyes may be obtained from them
in various ways :

1. The diamine is diazotized and treated with azo components
;

an example of this is Toluylene Orange RR (Oe.)

;

/CH3

C6H2
/-N=N-Ci()H6-NH:i

N--N-C10H6-NH2
\SO3Na

from m-toluylenediaminesulphonic acid and 2 mols. jS-naphthylamine.

If nitro-m-phenylenediamine be used in place of the latter the product
is Toluylene Yellow (Oe.).

Toluylene Brown (Oe.) is formed by treating tetrazotized m-
toluylenediamineiulphonic acid with only 1 mol. m-phenylenediamine.

2. Diazo compounds are allowed to act upon the m-diamines in

question or upon azo dyes derived therefrom (e.g. Bismarck Brown)
;

the diazo components are mostly chosen from the benzene series

(sulphanilic acid, m-aminobenzoic acid, etc.). Leather Brown (O.)

is formed, for instance, by acetylating one of the*groups of ^-phenylene-
diamine, diazotizing and allowing 2 mols. of it to act upon 1 mol.

of m-phenylenediamine. Benzo Brown B (By.) is formed by treating

* D.R.P. 268188, 269849, 270858 ; E.P. 12217/13, 10380/13, 14150/12, 19989/12
(By.); D.R.P. 276546 (K.) ; 290437, E.P. 4072/15 (By.); E.P. 3427/13 (Lev.),

29021/12, 1123/13, 3427/13, 4316/13; cf. also Levinstein, J. Soc. Chem. Ind., 33,

573 (1913).
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1 mol. of Bismarck Brown with 2 mols. of diazonaphthionic acid :

its constitution is probably expressed by the following formula :

/(NH2)2
/N-N-CeHi-N^N-CioHeSOsNa

NN^N-CeH.-N^N-CioHeSOsNa
MNH2)2

To this group belong also various dyes such as Hessian Brown
(L.), Toluylene Brown, etc. The dyes Benzo Brown BX and BR,
which are derivatives of Chrysoidine, are identical with Cotton

Brown A and N (C).

Owing to the presence of an amino group the dyes can, in many
case3, be diazotized on the fibre and coupled with phenols, etc., or they

may be developed with suitable diazo compounds.
To this class of developed dyes belongs Para Bronze (By.) :

y^H-acid —> w-phenylenediamine

w-phenylenediamine

,

^m-phenylenediamine

(or with resorcinol as end component), which can be developed with

diazo-^ara-nitraniline, and the brown dyes obtained from diazotized

acetyl-m-phenylenediamine with y-acid, by elimination of the acetyl

group, tetrazotization and coupling with 2 mols. m-phenylenediamine.*

A good brown diazotizable dye is formed from m-phenylenediamine

by acetylating one of the amino groups, coupling with m-phenylene-

diaminesulphonic acid, hydrolysis, tetrazotization and recoupling

with 2 mols. m-phen3denediamine. When developed on the fibre

with ^-naphthol it yields clear brown shades of good fastness to washing.

Anthracene Acid Brown B (C.) may be noted as an example of a

mordant dye of this class ; it has the constitution :

/l-naphthylamine-6-sulphonic acid <— amino-

m-phenylenediamine^^ salicylic acid

^l-naphthylamine-6-sulphonic acid ^— amino-

salicylic acid

and is used on chrome mordants as a fast wool dye.

Substantive dyes may &,lso be prepared from various diamino-

diphenylurea derivatives such as the following :

/SO3H /SO3H
/NH.C6H4.CO.NH.C6H3-NH2 /NH-C6H3-NH2

C0< /SOaH ^^< /SO3H
\NH.C6H4.CO.NH.C6H3-NH2 ^NH-CeHs-NHo

/NH . C6H4 .NH . CO . CbH4 . NH2
CO '

\NH . CeHi . NH . CO . C6H4 .NH2

which are easily formed by the action of phosgene upon the aqueous

solutions of the amines.f

* Fr. P. 411325. f DRP- 257689, 259962, 260999, 264939.
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Mention may also be made at this point of those substantive dyes

NH2
which are derived from hydrazine,

!
. They are obtained by

NH2 •

allowing this substance to act upon azo dyes which contain an aldehyde

group. Their composition and method of production may be indi-

cated thus :

NiH^ CHO-C6H4-N-N-X N-CH.CeHi-N^N-X
I

^ + -
I

+2H2O
N:fl2| CH;Oi-C6H4-N-N-Y N=CH.C6H4-N=N-Y

(where X and Y are azo components).

Substantive Dyes containing only one Azo Group.

As an example of a benzidine dye which contains only one azo

group we may note Diamond Flavine (By.) :

C6H4- OH
I

/OH (1)

C6H4N=N-C6H3-COOH (2)

It is made by treating diazotized benzidine with 1 mol. salicylic acid

and then replaging the free diazo group by —OH, by boiling with

water.

This dye possesses but slight affinity for cotton, but is suitable

for dyeing chrome-mordanted wool ; dj^eings so obtained are used

as a cheap substitute for fustic, and, in addition, are faster to light than

the latter.

Another member of this class is Dutch Yellow (Pick and Lange),

which is not now on the market ; it is obtained by the action of a

sulphite upon the intermediate product obtained from tetrazotized

benzidine and 1-mol. salicylic acid. The dye possesses the formula :

/OH
C6H4N-N-C6H3-COOH

I

• CoH4N=N-S03Na

During the reaction the diazo group is reduced to a hydrazine

group, so that in this case the corresponding amine is not obtained.

Here also, is to be included the interesting class of dyes which

is obtainable from 2 : 5-aminonaphthoi-7-sulphonic acid by the action

of diazo compounds.
Lastly, certain substantive dyes containing only one azo group

are contained in the next group of colours, to which we now come.

Thiazole Dyes {Primuline Dyes).

The dyes belonging to this class differ considerably in constitution

from the substantive dyes so far discussed, chiefly owing to the absence
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of azo groups, and, in fact, their only connection with the foregoing
classes of colours lies in their ability to dye cotton directly. They
all contain in common the Thiazole ring :

-C-S\
II }C-

This atomic grouping is quite analogous to those contained in
the naphthimidazoles and naphthoxazoles with which we became
acquainted when discussing the Kosanthrenes.

Merz and Weith were the first to examine the action of sulphur
upon aromatic amines : by heating ^^-toluidine with sulphur to 140°

C. in presence of lead oxide—to combine with the hydrogen sulphide
set free—they obtained Thiotoluidine :

/CH3

/CH3 (1) / \NH2
2C6HZ ^^ +S2 = S( >H.S

\CH3
Thiotoluidine.

Later on Dahl & Co. took out a patent for the same reaction,

but carried out at about 175° C. and without the preseijce of lead oxide.

A substance Avas thus obtained containing four hydrogen atoms less,

for which reason it was termed dehydrothiotoluidine. If the —NH2
be eliminated a homologue is obtained of Hofmann's benzenylamino-
phenylmercaptan :

C6H4((' ^C.CeHs

consequently dehydrothiotoluidine has the constitution :

CH3.C6H3(^ ^C.CeHiNHo

This substance is not a dye, but if in its preparation a higher tem-
perature and more sulphur be used the product is a base which on
sulphonation gives the first colouring matter of this group, Primuline
Yellow (Primula=Primrose).

It was isolated for the first time in 1887 by A. G. Green, then chemist

to the firm of Brooke, Simpson & Spiller in London, and is formed by
the imion of several molecules of dehydrothiotoluidine, leading to

bodies such as :

H,N\ /S\ ' /S\ /^\ /CH3

NaOsS/ %/ ^^N^ %/ \SO3Na

Primuline gives a pure yellow shade on cotton which, however, is of

no direct value owing to its great fugitiveness to light ; here, for the
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first time, the process of diazotizing and developing on the fibre was

used, the name IngrainJ^es being applied to such colours.*

These dyeings are fast' to washing but are not very fast to light :

of special importance are Primuline Red (developed with j8-naphthol)

and Primuline Bordeaux (developed with ethyl-^-naphthylamine).

On developing diazotized Primuline with m-aminoberizi4ine or

aminocarbazole {Carbazole Developer B) brown shades are produced.

f

Dyes identical with or closely related to the Primuline are placed

on the market under various names, such as : Primuline (By.)

(B.A.S.F.), Thiochromogene (Dahl.), Polychromine (Gy.), etc.

Other dyes belonging to this group are :

Thioflavine T (C), Rhoduline Yellow (By.), which is the chlor-

methyl compound of dimethyldehydrothiotoluidine :

/S\
CH3 . CeHsC ;/C . C6H4N(CH|)2 . HCl

/ \
CH3 CI

It is a basic tannin dye.

Thioflavine S (C) is the sodium salt of sulphonated dimethyl-

dehydrothiotoluidine. It is identical with Chromine G (K.).

New colouring matters have been obtained in several different ways

from Primuline and other thiazole bases ; the most numerous are the

Azo Dyes from Thiazole Bases.

By diazotizing and coupling with salicylic acid, or similar com-

ponents, yellow dyes maj^ be obtained such as Oriol Yellow (Gy.),

which is also sold as Cotton Yellow R (B.A.S.F.), and Alkali Yellow

(D.). It can also be fixed by means of its chrome lake on cotton and

is utilized in this manner for calico printing.

The important dye Milling Yellow (C.) and Sulphone Yellow R
(C.) also belong probably to this class and are used in wool dyeing.

Dianil Yellow 3G (M.L.B.) is obtained by coupling Primuline with

acetoacetic ester, the iiGN mark with acetoacetic anilide.

A brown dye of this class, placed on the market by Dahl & Co.

as Alkali Brown, is obtained by the action of phen^denediamine upon
diazotized Primuline ; closely related to it is Cotton Brown, made by
the same firm and identical with the Terracotta of R. Geigy.

Thiazole Yellow (By.), Clayton Yellow (CI. C.) and Turmerine
(Br. S. Sp.) is produced by the action of dehydyothiotoluidinesulphonic

acid upon the diazo compound of the same acid and is the corre-

sponding diazoamino compound. Its dyeings on cotton are a pure

yellow, which are not, however, fast either to light or acids.

* The diazo compounds so formed are extraordinarily unstable to light, so that

if a piece of material dyed with Primuline and diazotized be partially covered up
and then exposed to light, the diazo compound on the part exposed will be com-
pletely destroyed. If now the material be treated with a developer such as phenol,

only the portions protected from the light will be dyed and coloured figures will

thus be obtained on a paler ground.

•t D.R.P. 266942, 273312 (C).
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A number of red dyes of this group are obtained by the action

of azo components of the naphthalene series on diazotized dehj^drothio

bases, e.g. Erika (Akt.) from dehj'^drothioxylidine and a-naphthol-e-

disulphonic acid, Diamine Pink (C.) from dehydrothiotoluidine and
1 : 8-chlornaphthol-3 : 6-disulphonic acid, etc.

Further colours belonging to this class are : Geranine (By.), Brilliant

Geranine (By.), Titan Pink (Br. S. Sp.), Patent Atlas Bed (Br. S. Sp,),

Emin Bed (Akt.), Columbia Bed 8B (Akt.), Direct Scarlet (K.),

Thiazine Bed (B.A.S.F.), Salmon Bed (B.A.S.F.), Thiazine Brown
(B.A.S.F.), etc.

All these dyes are obtained by using thiazole bases as the primary
azo components. Thiazoloazo dyes are, however, also obtained by
acting with diazo compounds upon thiazole bases. In such case

the endeavour has usually been made to obtain dyes which, like Primu-
line Red, can be developed on the fibre. To attain this object the

composition of the colour must be so chosen that the free amino group
is contained in a portion of the molecule which exerts only a slight

chromophoric action, as otherwise, on transforming the amino into an
azo group, the shade would be shifted too much towards the blue.

Such an amino group is termed an " external amino group " (v.s.).

For example, the substance :

OH

HO3S

NH2
I

>-o
yields red dyes with diazo compounds, which can be developed on the

fibre with j8-naphthol to give red shades fast to washing.* The above

thiazole derivative is produced in the following manner : 2 : 5-amino-

naphthol-7-sulphonic acid is condensed with m-nitrobenzaldehj^e to

form the benzylidene compound :

OH OH

CCl ±«:o:c-C> -> f x-\ho3s/\/\/\n:H2 i^^^ ho3S/\/V\^^ch-< >
N02

On heating this latter body with sulphur and sodium sulphide the nitro

group is reduced to an amino group, and the ring is closed by the

addition of a sulphur atom. We have here, therefore, a new and

interesting synthesis of a thiazole derivative.

Dyes of this type are marketed by Fr. Bayer & Co. as Diazo

Brilliant Scarlets ; they yield brilliant red dyeings of good fastness to

washing (cf. p. 149).

Practically the same results may be obtained by condensing

* D.R.P, 165126, 165127 (By.).
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thiazole bases with m-nitrobenzoyl chloride and then reducing the

NO2 to NH2, the products possessing most probably •, constitutions

analogous to the following simple example :

C6H4<^ ^C.C6H4.NH.CO.C6H4.NH2

On dyeing with the sulphonic acids of such bases,* diazotizing

and developing, handsome shades are obtained varying from greenish

yellow to red, according to the developer used, which are fast to washing.

The following yellow dyes obtained from thiazole bases in various

ways may also be noted here :

Mimosa (Gy.) is a yellow dye obtained by the action of am-
monia on diazotized primuline.

By the action of hypochlorous acid upon dehydrothiotoluidine-

sulphonic acid, or upon Primuline or similar compounds, yellow dyes
are obtained which are characterized by their great fastness to light

and chlorine. These products, either identical with or similar to one
another, come into the market as Chloramine Yellow (By.)

Oxyphenine (CI. C), Chlorophenine (CI. C), Diamine Fast Yellow
B (C), and Columbia Yellozv (Akt.) ; a similar dye is Chlorophenine
Orange (CI. C).

Lastly, a greenish-yellow dye has been obtained by the action of

formaldehyde on Primuline (Br. S. Sp.).

AZOXY AND NiTKOSOSTILBENE DyES,

In addition to the Stilbene colours already discussed, which are

obtained from diaminostilbenedisulphonic acid bj'^ tetrazotization

and coupling (p. 143), a further series of direct colours are found in

commerce which are also stilbene derivatives and are to be regarded
as azo-, azoxy- derivatives of stilbene-, or distilbenedisulphonic acids.

Yellow substantive dyes are obtained from^-nitrotoluene-o-sulphonic

acid by the action of soda lye, which, according to the conditions of

their formation (temperature, length of time, concentration of lye,

etc.), may be divided into three types which come into the market
as Sun Yellow (Gy.), Curcumine S (Akt.), and Naphthamine Yellow
G (K.).

According to the researches of Green and his co-workers, f these

colours contain, besides the non-dyeing dinitrobenzyldisulphonic acid,{

the sodium salt of azoxyazodistilbenetetrasulphonic acid as the

chief component :

SOsNa SOsNa

I i

CH-C6H3-N-N-C6H3-CH
li II

CH-CeHs-N-N-CeHs . CH
I

\o/
I

SOsNa SOsNa
* The " dyeings " so obtained are frequently colourless.

t A. G. Green and others. Trans. Chem. Soc, 85, 1424 (1904) ; 89, 1610 (1906) ;

91, 2076 (1907) ; 93, 1721 (1908). J Binder, Ber., 28, 423 (1895).

7
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By the use of concentrated lye dyes of the type of Direct Yellow

(K.), (By.), (Leonh.) are formed, which are converted on reduction

into Direct Orange (K.).

Presumably both these types contain the azo compound :

SOsNa SOsNa

I I

CH-CeHs-N^N-CeHs-CH
il II

CH-CeHs-N^N-CeHa-CHII - •

SOsNa SOsNa

On oxidation rather more yellowish dyes are obtained, such as

Mikado Yellow (Akt.), Mikado Golden Yellow (Akt.), etc. These

probably consist for the most part of the sodium salt of dinitroazo-

distilbenetetrasulphonic acid :

SOsNa SOsNa

CH-CeHs - N =-- N - CpHs-CH
II II

CH-C6H3-NO:> O2N-C6H3-CH

SOsNa SOsNa

In addition all these colours contain greater or lesser amounts

of azomethine dyes of unknown constitution.

Other dyes belonging to this group are sold under various designa-

tions, such as Mikado dyes (L.), Curcuphenine (CI. C), Diphenyl
Citronine (Gy.)> etc.

The above reaction, namely the action of caustic alkalis upon
2)-nitrotoluenesulphonic acid, can also be carried out in the presence

of aromatic bases or dehydrothio bases, such as Primuline ; Curcuphenine

is an example of this.

In the same way dyes may be produced also from dinitrostilbene-

disulphonic acid itself. On condensing this acid with amines 1 or

2 molecules of the latter may be acted upon ; the products (according

to the patent specification^) are azoxy compounds, e.g. by condensing

with aniline the product is :

SOsNa
I

CH-CeHs-N-N-CeHs
II

CH-CeHs-N^N-CeHs

SOaNa

The Diphenyl Citronine of Geigy may have this constitution.

Dinitrodibenzyldisulphonic acid may also be condensed with amines

in presence of alkalis, oxidation to a stilbene derivative being effected

simultaneously :
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/SOsNa
C6H3-NO2 H2N-C6H1.OH

CH2
I

CH2

/SOsNa
CeHs-N^N-

I

CH

C0H4.OH

+
CH

+3H2O

C6H3-NO2 H2N-C6H4.OH
\SO3Na

/0\
C6H3-N-N-C6H4.OH

\SO3Na

The resultant dye is therefore to be regarded as an azoxyazo
compound, but it may also contain varying amounts of Curcumine S,
and of the disazo dye, etc.

Examples of dyes of this type are given by : Diphenyl Orange
(Gy.), Diphenyl Fast Yellow (Gy.), Chicago Yellow (Gy.), Mikado
Orange (L.), identical with Chloramine Orange (By.), etc.

Of somewhat greater importance is Toluylene Fast Orange LX
(Gy.), which is produced fron Sun Yellow by condensation with p-
phenylenediamine

.

From the sodium salt of dinitrostilbenedisulphonic acid or of

dinitrodibenzylsulphonic acid, orange direct cotton colours may be
obtained by heating with various aminoazosulphonic acids in strongly

alkaline solutions.*

The Mikado colours differ from other substantive dyes in their

mode of application in that they must be used for dyeing with large

quantities of common salt-—for this reason they are very fast to washing
and bleed very little on to white cotton interwoven with it when
washed with soap.

Pyrazolone DYES.f

The Pyrazolone dyes form a special group of the azo colours which
used to be classed as hydrazones and of which Tartrazine is the most
important.

In 1884 Ziegler obtained a yellow dye by acting with phenyl-

hydrazinesulphonic acid on a solution of sodium dihydroxytartrate,

which was later placed on the market by the Badische Anilin- und Soda-
Fabrik under the designation of Tartrazine. Dihydroxytartaric acid

in the hydrated condition is given the formula :

COOH

C
/OH
\0H
./OH
\0H

and must be regarded
as the hydrate of the
ketonic acid :

COOH

COOH
I

CO

CO

COOH

Using the latter formula, the production and constitution of Tar-

trazine are indicated by the following equation :

* D.R.P. 204212 ; E.P. 19807/07.

t An exhaiostive survey of this class of colours is given in the work. Die
Pyrazolonfarbstoffe, by G. Cohn (Stuttgart, 1910).



164

COOH

CiO H2iN-NH.C6H4.S03Na

I

:'+

CiO H2iN-NH . C6H4 . SOsNa

DYE CHEMISTRY

COOH
I

C-N-NH.C6H4.S03Na

I-

C=N-NH.C6H4.S03Na

COOH COOH
This substance is, however, contrary to previous suppositions,

only an intermediate product in the process ; the researches of Anschiitz

have shown that a molecule of water is at once eliminated from the

molecule by the combination of a carboxyl and a hydrazine group,

with formation of a pyrazolone ring.

Tartrazine is, therefore, a pyrazolone derivative :

COOH
1

c=n-n; it :C6H4.S03Na

Na03S.C6H4.NH-N=C
i

• ; -H2O

C . . :0H

COOH

C = N

= Na03S.C6H4.NH-N=C
I

CO-N.C6H4.S03Na
Tartrazine

or it may be given its tautomeric form as an azo derivative

:

COOH
i

C=N

Na03S-C6H4-N=N-C
II

HO-C-N-C6H4.S03Na

as indicated by its preparation from oxalacetic ester, which is also

carried out on a commercial scale.

This latter method was also discovered by Ziegler, but has recently

been improved by Anschiitz and the Badische Aniline- und Soda-

Fabrik. It consists in first condensing together oxalacetic ester with

1 mol. phenylhydrazinesulphonic acid :

COOC2H5 , COOC2H5

GO + H2;N.NH.C6H4.S03H C-N-NH.C6H4SO3H
r

'

!

CH2 = CH2 + H20
I I

C00C2H5 C00C2H5
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The resultant compound splits off alcohol either on standing, or

better on heating, with formation of a pyrazolone :

COOC2H5 COOC2H5
I . I

G=N.NiH;.C6H4.S03H C = N

CH2 i
: -C2H5OH = CH2

I i !
. ,

I

c . . ;oc2H5: co-N.C6H4.so3H

The sodium compound of this pyrazolone on treating with diazo-

sulphanilic acid jdelds an ester of Tartrazine :

COOC2H5
I

C = N

Na03S-C6H4-N2-;OH + H.CH

CO-N.C6H4.S03Na

COOC2H5
I

C = N

= Na03S-C6H4-N-N-CH +H2O

CO—N.C6H4.S03Na
(to which, of course, the tautomeric enolic formula (p. 164) may also

be ascribed). On hydrolysis the ester yields Tartrazine itself.

Tartrazine is a very fine yellow dye of admirable fastness to light

;

of other yellow acid dyes only Fast Yellow (the sodium salt of amino-

azobenzenedisulphonic acid) is faster to light than Tartrazine, and
for this reason it plays an important part in wool dyeing.

The slight degree of fastness shown by its silk dyeings is somewhat
remarkable. It has absolutely no affinity for cotton.

A tetrachlorotartrazine has been prepared by condensing dihy-

droxytartaric acid with 2 mols. 2 : 5-dichlorophenylhydrazine-4-

sulphonic acid.* It gives intense yellow shades on wool and silk.

The success obtained by Tartrazine and the special fastness to

light shown by the pyrazolone dyes has led to the production of a

series of yellow colours of this series which are used either as acid wool

colours or as colour lakes, e.g. Pigment Chrome Yellow, Pigment Fast
Yellow (M.L.B.). The majority of such colours are obtained direct

by coupling pjnrazolone derivatives with diazo compounds.
In this way Flavazine L (M.L.B.), or Fast Light Yellow G (By.) :

/C0\
C6H5N=N-CH N-CeHi.SOsNa

CHs-C^ =N
* L. B. HoUiday and A. Clayton, E.P. 113510.
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is obtained from diazotized aniline and l-^-s\ilphophenyl-3-methyl-

5-pyrazolone, whilst Flavazine S (M.L.B.) is obtained similarly from
the same first component and l-^-sulphophenyl-S-pjo'azolone-S-earb-

oxylic acid.

Xylene Yellow 3G and Xylene Light Yellow 2G (S.), which are

both fast to light, are obtained by the action of various components

of the benzene and naphthalene series on l-o:m-dichlor-^-sulpho-

phenyl-3-methyl-5-pyrazolone ;
* they possess the general formula :

/CO^ CI

R-N-=N-CH N-/ \sO3Na
1

1 V"^CH3-C^:=N CI

Products particularly fast to light are obtainable from aniline-

o-sulphonic acid and its homologues and chlorinated derivatives,!

as also from chlortoluidinesulphonic acid [Radial Yellow (B.A.S.F.)]t

Primuline sulphonic acid is also used as a diazo component in some
cases, as in certain marks of Dianil Yellow (M.L.B.)

.

The shade may be deepened to orange-red and even to brown
by the use of aminoaryl ethers of the benzene and naphthalene series, §

or of naphthylpyrazolonesulphonic acids which can be obtained in

the known way from naphthylhydrazinesulphonic acids and acet-

acetic esters.
||

A red chrome-developed dye, Eriochrome Red B (Gy.), may be

produced from l-amino-2-naphthol-4-sulphonic acid and phenylmethyl-

pjo-azolone (cf. p. 109).

Bronze-brown shades are obtainable on chroming the disazo dye
obtained by coupling 2-amino-6-nitrophenol-4-sulphonic acid with

G-acid (7-amino-a-naphthol-3-sulphonic acid) and recoupling with

l-phenyl-3-methyl-5-p3^razolone,^ whilst disazo dyes of the same type

from o-diazophenols and H-acid rediazotized and coupled with pyr-

azolones jdeld green shades with a chrome mordant.**

Other dyes belonging to this group have been made and patented

by Zincke from benzil, phenanthrenequinone and aromatic hydrazines,

and by Fr. Bayer & Co. from dihydroxytartaric acid and hydrazines

derived from aromatic aminocarboxylic acids. Nitrazine Yellow (Oe.),ff
from dihydroxytartaric acid and nitro-xylyl-hydrazine-sulphonic acid

may also be included here.

Similar colours are also obtainable from other ketones, e.g. from
isatine (Akt.) (it may be noted that phenanthraquinone forms only

a monohydrazone).

The transformation of the hydrazone form of Tartrazine into

the azo form, which is assumed to occur during its preparation, is a

further proof of the tautomerism of these compounds, which has

* D.R.P. 222405. f DRP- 193141, 193142 ; E.P. 25193/06.

t U.S.P. 935370. § D.R.P. 220722 ; E.P. 24487/09.

II
Fr. P. 391456. T[ E.P. 100472 (Sandoz).

** E.P. 17607/16 (Sandoz). tt No longer sold.
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frequently been mentioned before and which leaves the choice open

between the hj^drazone and azo formulae.

In many reactions, in fact, identical compounds are produced,

whether we start from hydrazines or from diazonium compounds :

COOC2H5 COOC2H5
I I .

CH-Na+C1.N2.C6H5 = NaCl + CH.N=N.C6H5
I

Diazobenzene
|

COOC2H5 chloride. COOC2H5
Sodiomalonic

ester.

On hydrolysis a substance is obtained from the products of the

formula :

COOH

CH.N=N.C6H5 (R.Meyer)

1

COOH

which is identical with the hj-drazone of mesoxalic acid obtained by

E. Fischer and Elbers *
:

COOH COOH
I I

CO+H2N-NH.C6H5 = H2O+C-N-NH.C6H5
I

Phenylhydrazine.
|

COOH COOH
Mesoxalic Hydrazone of mesoxalic

acid. acid.

Similar instances have been noted by Bernthsen,f Japp and Klinge

mann J and others.

It has previously been noted (p. 110) that the azo dyes derived

from o-aminophenols are capable of forming " co-ordinated " copper

compounds capable of being used in dyeing, and it has now been found
that in certain cases similar compounds may be obtained from hydra-

zone colours. For instance, the hydrazone derived from l-hydroxy-

2-phenylhydrazine-4-sulphonic acid and resorcyl-aldehyde has the

following structure :

/OH H0\
NaOsS -/ ^-NH .N : CH-<(^~~~\-OH

and on treating the sodium salt with coi)per sulphate a greenish-yellow

compound is obtained which dyes wool in greenish-yellow shades
from an acid bath.§

* R. Meyer, Ber., 21, 118 (1888); 24, 1243 (1891); FiScher and Elbers, Ann.
Chem., 227, 355 (1885).

t Ber., 21, 743 (1888).

X Ann. Chem., 247, 190 (1888) ; see also Claisen and Beyer, Ber., 21, 1697 (1888).

§ E.P. 114189 (I.).
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As an appendix to the hydrazones the formacyl compounds may
be noted (obtained by Pechmann from malonic acid hydrazone and
diazobenzene,* and by E. Bamberger from acetoacetic ester and 2

mols. diazobenzene f ) as their sulphonic acids are dyes : e.g. :

CeHsCiHiN-NH . C6H4 .S03Na+ iHO; . N2 . CeHs
Sodium benzylidenehydrazone- Diazobenzene.

p-sulphonate.

The resultant compound dyes wool red shades. J

Benzylidene Dyes, or Azomethines.

This designation is given to certain dj'^es that have so far only

slight technical im]3ortance, but which are of interest in connection

with the relationships between constitution and colour. They may
be regarded as azo compounds in which one nitrogen of the azo group

is replaced by the methine group, —CH= :

CeHsN^N-CeHs CeHsCH^N-CeHs
Azobenzene. Benzylidene -aniline.

This replacement causes a considerable loss of colour, thus, azo-

benzene is orange, whilst the corresponding azomethine is practically

colourless. Azomethines are often formed by .the action of amines

upon aromatic aldehydes with elimination of water :

R-C-O+HiN-R' = H20+R-C=N-R'
H H

(" Schiff's Bases "), and most of them can readily be split up again

into their components.

If auxochrome groups be introduced into the benzene nucleus of

benzylideneaniline or other compounds of analogous composition, e.g.

dibenzylidene-^-phenylenediamine :

C6H5-CH=N-C6H4-N=CH-C6H5

more deeply coloured substances are obtained, some of which are dyes.

The following regularities have been observed amongst the com-

pounds which have so far been investigated : the presence of nitro

groups in the benzylidene nucleus causes a deepening of colour which

is most pronounced in the para position and least in the meta, the ortho

occupying an intermediate position. The same rule has been noted

in the case of the Fulgides.§ With hydroxy derivatives, however, the

ortho derivative is the most strongly coloured, the meta is colourless and

the para only faintly coloured. The introduction of methoxy groups

gives practically colourless derivatives, whilst the simultaneous

* Ber., 25, 3174 (1892). f Ber., 25, 3201 (1892).

:j: Fr. Fichter and Em. Schiess, Ber., 33, 747 (1900).

§ Ber., 38, 4081 (1906); 39, 762 (1906).
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presence of OH and OCH3 groups deepens the colour, which is, however,
diminished again if the OH groups are esterified (e.g. the azomethine of

piperonal).

If several hydroxyl groups are present the colour depends chiefly

upon their number and position ; thus the azomethine of pyrogallol-

aldehyde is orange-red in colour and can be dyed with a mordant.*
A considerable deepening of the colour is caused by the introduction

of amino- or aminoalkyl groups, and in these cases also the position

which they occupy is of great importance.^ The colour of the deriva-

tives is also dependent on whether the substitaent groups are.introduced

into the benzylidene or amine residues.

The Azomethines have a weakly basic character, which is shown
by the formation of deeply coloured labile salts. { Amino substitution

products also yield strongly coloured salts.

The only dye of this class to be produced having any practical

interest has the constitution :

/N=N-X

-N=CH-/ \
\n=n-x

which is derived from amino-J-acid by the action of two mols. m-
aminobenzaldehyde with subsequent tetrazotization and coupling,

followed by further action of a diazo component.
Other dyes belonging to the azomethine class ha\ e also been made

known through the labours of Zincke § and Konig
; ||

for instance,

2 : 4-Dinitrophenylpyridinium halides :

C5H5N-C6H3(N02)2
I •

CI

or cyanpyridinium halides are allowed to act upon primary or secondary

amines ; the pyridine ring is opened up, nitraniline or cyanamide
is split off, and yellow to red azomethines are . produced having
probably the following composition :

R\ /R'
;n-ch=ch-ch-ch-ch=n-r''

R"/ \X

(where R' is an aryl group, R" is an alkyl group, and X is an acid

radical).

* Noelting and Vornet (Dissertation, Vernet).

t Mohlau, Ber., 16, 3081 (1883) ; 19, 2010 (1886) ; A. Rupe and Porai Koschitz,
Zeitsch. f. Farben- und Texfilchemie, II. 449.

t Jour. Am. Ghem. Soc, 30, 394 (1908).

§ Ann. Ghem., 330, 361.
|1
Jour. f. prakt. Ghem., 69, 105.
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Technically valuable dyes are said to be obtained, according to

the Farbenfabriken vorin. Fr. Bayer & Co., by using as bases such

secondary Cyclic bases as dihydroindol, phenmorpholine, etc.

Thus the dye from dihydromethylindol, possessing probably this

formula :

/CH2\/CH3 CH3\/CH2\/\
C c

I

^CH-CH-CH=CH-CH^ \C1 ^^

dyes tannin-mordanted cotton similar shades to Rhodamine 5G,

which are clearer, faster and have greater covering power than the

latter.*

Rosol Red and Rosol Scarlet (By.) most likely belong to this

group.

* D.R.P. 216991, 218616, 218904; E.P. 20367/08, 21685/08. 21911/08.
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Diphenylmethane, C6H5.CH2.C6H5, is the parent substance of

various coloured derivatives which, though of but slight technical

importance, deserve consideration owing to their bearing upon the

problem of colour and constitution.

Tetramethyldiaminodiphenylmethane is readily formed by con-

densing formaldehyde with dimethylaniline in hydrochloric acid

solution

:

/H H

\H !H

-C6H4 . N(CH3)2 /C6H4 . N(CH3)2

= CH2 +H2O
-C6H4 . N(CH3)2 \C6H4 . N(CH3)2

This substance is colourless, as also are its salts. On oxidation it is

converted into its hydrol :

/C6H4 . N(CH3)2 /C6H4 . N(CH3)2
CH2 +0 = CH(OH)
\C6H4 . N(CH3)2 \C6H4 . N(CH3)2

which may also be produced by reducing tetramethyldiaminobenzo-

phenone ('' Michler's ketone"). As already mentioned in the chapter

on Intermediate Products (cf. p. 50), Michler's ketone is readily pre-

pared from phosgene (COCI2) and dimethylaniline.* Whilst the

ketone and its salts are practically devoid of colour and cannot be

regarded as dj'^es, the corresponding hydrol yields deep blue salts which

possess dyeing properties and, in accordance with our present vaews

on colour, must be regarded as quinoid.

Accordingly we miist formulate the process of salt-formation from
Michler's hvdrol thus :

/C6H4 . N(CH3)2 ^C6H4=N(CH3)2
CH(OH) +HC1 = QH +H2O
\C6H4 . N(CH3)2 \C6H4 .N(CH3)2

Colourless. Blue.

a transformation from the carbinol to the ammonium form being assumed
to take place, salt formation with the latter occurring in the usual

way. As this salt formation is bound up with a change to a quinoid

* Michler, Ber., 9, 716 (1876).
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structure the production of colour from a colourless derivative is thus

explained.

According to the views at present held the formation of a carbonium
salt in the following sense is improbable :

C—
C6H4.N(CH3)2 pi

-OH +IIC1 = I ,-—C6H4.N(CH3)2 \J

-C6H4 . N(CH3)2 ri—C6H4 . N(CH3)2

+HC1 = I —CI +H2O
-C6H4.N(CH3)2

as such a product would be colourless and contains no ionizable CI

atom ; it would, perhaps, be better to adopt v. Bayer's method of

formulation with a " Carbonium " valency, ——— , e.g. :

Hs^ ^C6Hi.N(CH3)2

P
QV \C6H4.N(CH3)2

but the first method is usually employed.

The addition of a further quantity of acid causes the disappearance

of the blue colour due to formation of the di-acid salt ; treatment with

alkali also destroys the colour with production of the original colourless

hydrol.

All these phenomena are also observed in the case of the triphenyl-

methane series of dyes, and further discussion will therefore be post-

poned until these latter colours are dealt with.

By the action of the chlorides of phosphorus upon Michler's ketone

a benzophenone chloride is formed which is utilized for a variety of

dye syntheses in the triphenylmethane series. As this chloride is also

deep blue in colour, we may assume that it is not the normal keto-

chloride :

/C6H4.N(CH3)2
CC12

\C6H4.N(CH3)2

but is a quinoid compound :

/CI

CI

\C6H4.N(CH3)2

On condensing with amines, phenols, etc., dyes of the triphenyl-

methane series are obtained directly {q.v.).

The blue salts of the hydrol will, indeed, dye certain fibres, such as

tannin-mordanted cotton and silk, but owing to their fugitive character

they have no technical importance. This is also the case with certain

green-blue dyes obtained by the action of chloral hydrate upon dimethyl-

m-aminophenol and oxidation of the resultant leuco compound,*
which have, presumably, the following constitution

:

(Formula I) :

D.R.P. 81042 (Caro) ; E.P. 15859/94.
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(CH3)2Nw. /OH H0\ /\^N(CH3)2 (CH3)2N\ /\/0^/v /N!(CH3)2

I

co-
ll.

-o

Whilst it is stable in alcoholic solution it is transformed very rapidly

in aqueous solution, by an internal condensation and elimination of

water, into the red oxalopyronine (II). This closing of the ring may
be prevented by esterifying the tAvo —OH groups. Thus the colourless

condensation j^roduct from formaldehyde and dimethyl-m-aminophenol-
methyl ether yields a stable blue-violet oxidation product. Curiously

enough, however, the condensation product from formaldehyde and
dimethyl-m-aminophenol (cf. Pyronines) cannot be converted into the

corresponding blue diphenylmethane dye.

Auramine was formerlj^ classed amongst the diphenylmethane dyes

and was given the quinoid formula :

H2N-Cy/
C6H4 =

/CI
:N(CH3)2

\C6H4.N(CH3)2

which is, however, now regarded as incorrect. Such a constitution

does not agree with the yellow colour of the dye ; it does, however,

accord with the blue colour of the salts of the acyl-auramines which
will be discussed in the next section (cf. Auramines),

The thioketone corresponding to Michler's ketone has been prepared

from thiophosgene (CSCI2) and dimethylaniline ;
* it has a deep red

colour, and is therefore' more deeply coloured than the corresponding

oxj^gen derivative, due to the more powerful auxochromic effect of

the : C : S group. This substance is formed intermediately when
Auramine is synthesized hy heating tetramethyldiaminodiphenyl-

methane with sulphur. It is also readily prepared by heating tetra-

methyldiaminodiphenylmethane with sulphur and sodium sulphide.

f

* Kern, J5er., 19, Ref. 889 (1887). t D.R.P. 287994.
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In 1884 Caro and Kern, by fusing tetramethyldiaminobenzophenone
with ammonium chloride in presence of zinc chloride, obtained a yellow

dye which was put on the market by the Badische Anilin- und Soda-

Fabrik under the name Auramine. Its mode of production and con-

stitution can be represented by the equation :

/C6H4N(CH3)2 /C6H4N(CH3)2
CO +NH3 = C=NH +H2O
\C6H4N(CH3)2 \C6H4N(CH3)2
Tetramethyldiamino- Auramine.

benzophenone.

At present this substance is prepared by Sandmeyer and Feer's

method, by heating tetramethyldiaminodiphenylmethane with sulphur,

ammonium chloride and common salt in a current of ammonia gas.

In this reaction the thioketone

/C6H4N(CH3)2
C=S
\C6H4N(CH3)2

is formed as an intermediate product.

A less satisfactory method was formerly in use in the Hochst colour

factories, starting from the chloride of dimethyl-p-aminobenzoic acid

which is the initial product of the action of phosgene on dimethylaniline
;

this body reacts with secondary bases, in particular with diphenylamine

to form the acid amide :

{CH3)2N.C6H4-CO-iCl -f iiilN/^^^^-^ (CH3)2N . C6H4-C0-N/^®^^
\C6H5 \C6H5

This acid amide is then treated with phosphorus oxychloride and
the resultant keto-chloride combined with dimethylaniline to form an
intermediate product

:

(CH3)2N-C6H4\
)C=N(C6H5)2

(CH3)2N-C6H4/ I

which on treatment with ammonia is converted into Auramine with

elimination of diphenylamine.
174
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The base of Auramine is colourless, but on treatment with hydro-

chloric acid salt formation takes place with production of the intensely

yellow coloured hydrochloride :

c
—C6H4.N(CH3)2
-NH.HCl
—C6H4.N(CH3)2

which is the commercial form of the dye. In this formula, suggested

by Graebe,* the colour is due to salt formation.

For a considerable time Stock's formula was adopted f :

c
—C6H4 . N(CH3)2
—NH2
=C6H4=N(CH3)2C1

in which the attempt was made to indicate relationship with the

diphenylmethane dyes. Against this formula, however, must be

reckoned the fact that all ^-quinoid diphenyl derivatives are blue or

violet, e.g. the hydrochloride of tetramethyldiaminobenzhydrol :

c
C6H4.N(CH3)2

—

H

C6H4=N(CH3)2C1

has an intense blue colour.

Recently Graebe's formula has been confirmed by the researches of

Semper. { It is noteworthy that the acyl-auramines, in distinction to

the aryl-auramines, yield deep blue salts, which have probably an

analogous constitution to that of the blue hydrol salt mentioned above.

The amino group of Auramine can be readily split off as ammonia,
with re-formation of the ketone, for which reason the dye is affected by
boiling water,

Triphenylmethane dyes may be obtained by condensing Auramine
with phenols or hydroxycarboxylic acids ; colouring matters of the

same class are also formed from leuco-Auramine and aromatic tertiary

amines.

Leuco-Auramine is formed by reducing Auramine with nascent

hydrogen :

c
n XT xr/mr ^ /^—C6H4—N(CH3)2
-ATTT I TT., i^ I ^^^2NH +H2 ->rNxx -\-rL2 —7^ TT

it decomposes, however, even more readily than Auramine itself into

ammonia and tetramethyldiaminobenzhydrol.

Aryl-leuco-Auramines are formed from Michler's hydrol and primary

amines ; they may also be produced by the interaction of leuco-Auramine

with arylamines.

* Ber., 20, 3260 (1887); 32, 1681 (1899)"; 35, 2615 (1902).

t Jour. f. prakt. Chem., 47, 401-13 (1893).

i Ann. Chem.. 381, 234 (1911).
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Auramine is a basic dye, and is met with in commerce as the hydro-

chloride. When first introduced it was hoped that it would fill a

serious gap and play an important part in cotton dyeing and calico

printing as a basic tannin colour. These expectations, however, have

not been altogether fulfilled, as the dye lacks the fastness requisite for

calico printing, and has also the disadvantage of being readily decom-

posed by hot water. Nevertheless it is, next to Thioflavlne, still the

most largely used of all the basic j^ellow dyes, being of considerable

importance for the production of mixed shades on cotton, as well as

for wool dyeings fast to stoving, and for paper staining. In addition

it is employed for mixing with various dyes (e.g. magenta), and medi-

cinally as " Pyoctanine aureum,'' for inhibiting the development of

malignant growths.

Phenylauramines and various aminophenylauramines have been

prepared.* They are obtained either by heating Auramine with the

respective aromatic amines, the imino group being as removed NH3
and replaced by the corresponding aromatic amine, or d^ect from the

ketone and the corresponding amine. In spite of their deep colour

they are not used as dyes, as they are in some cases even more sensitive

to acids than Auramine itself. The transformation of the wi-amino-

phenylauramines into Acridine derivatives will be discussed later (see

Acridine dyes).

Various acylated Auramines have also been prepared ; their colour

is deeper than that of the arylated Auramines, but they are devoid of

technical interest.

A more greenish-yellow dye, Auramine G, of the following con-

stitution :

/CH3
I—C6H3.NH.CH3
=NH HCl
-C6H3-NH.CH3

\CH3
G-

has been prepared from dimethyldiaminoditolylmethane, the latter

substance being formed by condensing monomethyl-o-toluidine with

formaldehyde.

Naphthylauramine

:

-C6H4 . N(CH3)i
-NH.HCl
/—CioHeN-CHaG

is orange in colour but is of no technical value.

* Finkh and Schwimmer, Jour. f. prak. Chem,, 50, 401 (1894); Grahdmougin
and Lang, Ber., 42, 3631 (1909),
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Nathanson, in 1856, and A. W. Hofmann, Roquencourt anS Dorot,

in 1858, showed that under certain conditions a red dye could be pro-

duced from aniline. A short time later, in 1859, Professor Verguin, of

Lyons, found that a red colouring matter was formed on oxidizing

aniline with tin chloride. This he named Fuchsine, and began its

manufacture in conjunction with Renard Freres, silk-dyers of Lyons.

This discovery was, next to that of Mauve, one of the most important,

perhaps, that has ever been made in the domain of chemical tech-

nology, since from it was evolved with extraordinary rapidity the present

vast synthetic colour industry.

Every one turned to this valuable reaction, and in a short time a

whole series of different oxidizing agents were patented for the pro-

duction of Fuchsine or (as it is usually termed in this country)

Magenta.
The most important of these processes were those of Brooman with

mercuric chloride (1859) ; Medlock (1860), Nicholson, Girard and de

Laire with arsenic acid ; Lauth, Laurent, Castelhaz and Coupier with

nitrobenzene, etc.

Simultaneously with these technical advances numerous scientific

investigations were carried out by A. W. Hofmann, Otto and Emil

Fischer, Rosenstiehl, Dobner, Caro, Dale, Schorlemmer, etc., by means

of which not only was the constitution of Magenta gradually established,

but the mechanism of its production was also explained.

The first fundamental researches were begun by A. W. Hofmann,

who found that the dye is the salt of a base, which he named
Rosaniline, which is converted on reduction into leucaniline, the latter

not yielding a dye on treatment with acids as does Rosaniline.

Despite a great deal of investigation the problem of the constitution

of Magenta remained for long unsolved ; numerous formulae were

suggested, of which Zulkowski's (1869) * came nearest to the truth,

as he assumed the presence of three amino groups in the Rosaniline

molecule.

The successful elucidation of the constitution of Magenta we owe
to the labours of Otto and Emil Fischer. These workers demonstrated

that leucaniline is a primary triamine, which on treatment with nitrous

acid and subsequent boiling with absolute alcohol is converted into

triphenylmethane

:

* Sitzungaber. d. koAa. Akademie, Bd. 59; Ber., 9, 107 (1876).
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—CeHb
CeHs

—CeHs
\H

They then treated the product with fuming nitric acid, thus obtaining

trinitrotriphenylmethane, which was transformed into leucaniUne on
reduction.*

Rosaniline was thus shown both by synthesis and by analysis to

be a derivative of triphenylmethane, so that its constitution was prac-

tically settled.

Leucaniline is accordingly a triaminotriphenylmethane, whilst the

oxygenated Rosaniline base obtained from it by oxidation is to be

regarded as a triaminotriphenyloarbinol :

C—C6H4N«2 C\—C6H4NH2 I -

—CeHiNHa \J-

-C6H4NH2
-C6H4NH2
-C6H4NH2

\H \0H
Leucaniline. Rosaniline base.

The further elucidation of the constitution of Rosaniline necessitated

the determination of the position occupied by the three amino groups

relative to the point of attachment with the methane carbon. This

task was accomplished in the following manner :

—

When benzaldehyde is condensed with aniline, by means of de-

hydrated zinc chloride, diaminotriphenylmethane is formed :

CHaCioK+gHjH.

C^

NH2 /^-CeHs
NH2 =

I 1=(C6H4NH2)2 -fHoO

Benzaldehyde. 2 mol. aniline. Diaminotriphenylmethane.

If benzaldehyde be replaced by jp-aminobenzaldehyde, then the

product is triaminotriphenylmethane or leucaniline :

(4) (1), (4)

/NH2 C6H4H
C6H4 +

I

-

NH2 /^—C6H4NH2
= I —C6H4NH2 +H20

NH2 VJ—CrtH4NH2
\H

poro-Aminobenzaldehyde. Leucaniline.

(1)

OH C6H4H,

This synthesis proves that one NH2 group of the leucaniline takes

up the para position relative to the methane carbon. Moreover, this

group is not one of those contained in the diaminotriphenylmethane,

but the third one, which is introduced into the molecule of the leucaniline

by the use of ^-aminobenzaldehyde. That the two amino groups

of diaminotriphenylmethane also occupy the para position with regard

to the methane carbon, can be shown thus :

* They showed, further, that trinitrotriphenylcarbinol is produced by the oxi-

dation of trinitrotriphenylmethane, and yields Rosaniline on cautious reduction.
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When diaminotriphenylmethane is treated with nitrous acid, a

diazo derivative is formed which, when boiled with water, yields a

dihydroxytriphenylmethane of the formula :

c
—CeHs
C6H4OH
C6H4OH

\H

Hence, in this process, the two NH2 groups have merely been replaced

by two OH groups, without any change of position having occurred.

If, however, this dihydroxytriphenylmethane be fused with caustic

potash, there ensues addition of an atom of oxygen and elimination

of benzene, resulting in the formation of di-^ara-dihydroxybenzo-

phenone :

p XT (1) (4)

"?H OH /C6H4OH

'—O6H4OH \C6H4OH
^H (1) (4)

Dihydroxybenzophenone.

C:

in which, as earlier researches had already shown, the two OH groups

occupy the position para to the ketone carbon—previously the methane
carbon atom of the dihydroxytriphenylmethane.

This proves that the two—OH groups of dihydroxytriphenylmethane,

and hence the two amino groups of diaminotriphenylmethane, occupy
the para positions relative to the methane carbon.

Leucaniline and Rosaniline base have therefore the following con-

stitutional formulae :

C'-<Z>-NH.
^-<3-NH.

\H \0H
Leucaniline. Rosaniline base.

A ready explanation is thus afforded of the fact, observed soon

after the discovery of Magenta, namely, that pure aniline does not

yield Rosaniline when oxidized, but that the presence of ^ara-toluidine

is essential to this reaction, this last-named substance supplying from

its methyl group the methane carbon necessary for the formation of a

triphenylmethane derivative. In the production of Rosaniline by the

oxidation of impure aniline (containing jpara-toluidine), it is assumed
that an aldehyde group is formed from the CH3 group of the para-

toluidine, and that then, by elimination of the oxygen of this aldeihyde

group, by combining with an atom of hydrogen from each of two
molecules of aniline to form water, Rosaniline, or its leuco compound,
is produced :
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/C6H4-NH2 /N—C6H4-NH2
CH3 +O2 = I Uo -f-H20

p-Toluidine. VJ^H
'

(1) (4)

(>j—C6H4-NH2
, C6H4:H.;NH2 _ /NI—C6H4NH2

-C6H4NH2 +H2O
I—C6H4NH2

"^H ^H
In practice, a mixture of aniline, para- and ori^o-toluidine is always

used, the presence of the last-named leading to the formation of a
second rosaniline :

c
-CeH4NH2

^(.jj^

;0; +C6H4;H.;NH2+C6H3:H.:NH2

\H •"• '-^^^^^^^^ •:::::::::;::::::::....:

o-Toluidine.

C—
C6H4NH2

—C6H4NH2
/CH3+H2O

—CeHs—NH2
\H
Homorosaniline.

To distiiiguish it from the first, or so-called Pararosaniline, this

product has been named Homorosaniline*

From the foregoing explanation of the processes leading to the

formation of Rosaniline, it follows—as has also been experimentally

proved—that neither of the isomers of ^ara-toluidine, np-mely ortho-

and weto-toluidine, can yield Rosaniline whether oxidized alone or

in conjunction with aniline, since in neither case is the amino group

in the requisite para position, relative to the methyl carbon atom, for

the subsequent formation of Rosaniline to occur.

Further we can infer that only those amines can take part in the

formation of Rosaniline which have a free para position to the —NH2,
since the union with the methane carbon atom must take place at

this point. Paratoluidine is therefore incapable of yielding Rosaniline

when oxidized alone.

The general applicability of this rule was settled by the researches

of Rosenstiehl and Gerber. They found that meta-amino compounds
(e.g. m-toluidine) also are incapable of yielding Rosaniline dyes when
oxidized together with ^-toluidine : that such colours are, however,

capable of existence was shown by Noelting in his comprehensive

investigations on dyes of the triphenylmethane class.

He showed that it was possible to prepare rosaniline dyes, though

* The name Pararosaniline was chosen quite arbitrarily and was not intended

to indicate the position of the amino groups, as this was then unknown.
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not by the usual process, w^ch contain a methyl group meta to the

—NH2 group in one, two or even all three of the benzene nuclei.

Thus the base

N(CH3)2
]

furnishes a bluish-green rosaniline dye on oxidation.

Noelting has also shown that, by emploj'ing other means, it is also

possible to obtain rosanilines which do not contain all the amino groups

in para position relative to the methane carbon. For instance, the

leuco bases

C=[<3-NH2]2 p^ =[<CI>-NH,]2

-<Z> ™^ (j-Q
\H NH2 \H NH2

yield rosaniline dyes on oxidation. On the other hand, such bases

as contain only one amino group in the para position and the other

two in the oriho or meta position, e.g.

^ ^ -NH2

I 1- CK«
and

NH2J

yield only very weak dyes on oxidation, similar to monoamino-
triphenylcarbinol

.

Rosanilines in which none of the three amino groups are para to

the methane carbon are devoid of colour ; they have been prepared

by V. Baeyer.*

Should one or two of the amino groups be lacking from the Rosaniline

molecule the dye character is not removed but is only altered ; the salt

of rfiaminotriphenylcarbinol is violet (" Doebner's Violet "), whilst

the mowoamino derivative is orange. By alkylation of the diamino

compound green dyes are produced, of which the tetramethyl derivative

of Doebner's Violet is of great importance {^ahchite-Green) . The
diaminotriphenylmethane colours are therefore referred to as dyes of

the Malachite Green series.

If two amino groups are absent from the Rosaniline molecule,

^-monoaminotriphenylcarbinol is formed, giving orange salts which
will dye tannin mordanted cotton but not silk or wool. The m-mono-
amino derivative is quite devoid of dye character and forms colourless

salts.

On alkylating or arylating the amino groups in Rosaniline the

shade is altered from red to violet and blue.

* Ann., 364, 152 (1907).
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If one of the amino groups be acetylated or converted into a
quinoline or ammonium group the efifect of that amino group is com-
pletely eliminated. Consequently monoacetylpentamethyl rosaniline,

tetramethyldiaminodiphenyl-quinolyl-carbinol salts, and the addition
product of methyliodide to hexamethyl rosaniline are all green, similar

to Malachite Green. Salt formation also effaces the auxochromic
effect of the amino groups ; for instance, the diacid salt of Rosaniline
is violet, the triacid salt yellow, the corresponding salts of Crystal
Violet being violet, green and orange. Similar phenomena have been
noticed in other classes of dyes (cf. Safranines).*

If an amino group be replaced by an hydroxyl no considerable
alteration of the colour occurs, and indeed all three —NH2 groups
may be replaced by hydroxyl without losing the dye character. This
loss does, however, take place if all three amino groups are acetylated
or converted into quinoline groups ; but again, if the quinoline nuclei

are hydrogenated the dye character returns, since a tetrahydroquinoline
nucleus behaves like a monoalkjdaniline, and the colour possessed by
such compounds is exhibited.

These facts, discovered by E. Noelting and also to some extent by
0. Fisher, show very clearly the important part played by amino
and hydroxyl groups as auxochromes.

If the amino groups in diamino- and triaminotriphenylmethane be
replaced by hydroxyls, there result dihydroxy- and trihydroxytri-

phenylmethane derivatives :

n-CeHs n
I —C6H4OH and I -

Vy—C6H4OH yj-

-C6H4OH
.—C6H4OH
'—C6H4OH

\H \H

These substances and their derivatives form the group of the Aurines
or Rosolic Acid dyes. Rosolic acid has been obtained by diazotizing

Homorosaniline and boiling the resulting diazo compound (Wanklyn
and Caro) ; and the converse operation of converting Aurine into

Pararosaniline 4ias also been performed, by subjecting it to the action

of ammonia under pressure (Dale and Schorlemmer). Hence in the

Rosolic acid dyes the hj^droxyls occupy the same position towards
the methane carbon as the amino groups do in Rosaniline.

Lerico base, Rosaniline base and Hydrochloride.—As already stated,

the Rosaniline dyes are salts (usually chlorides) of bases which are

converted into leuco-bases on reduction. These are incapable of

yielding dyes with acids, but they may be retransformed by oxidation

into the colour bases, which latter are regarded as carbinols :

C-C6H4NH2 pi-
—C6H4NH2 I -

—C6H4NH2 \J-

I—C6H4NH2
-C6H4NH2
-C6H4NH2

\H \0H
Leuco base. Carbinol base (rosaniline base).

* Cf. F. Kehrmann. Ber., 51, 468 (1918).
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On treating the carbinol base with an acid, one molecule of water

is first eliminated, and a monoacid salt is formed, the di- and tri-acid

salts being produced by further action. The more acid taken up by
Rosaniline (its derivatives behave in a similar manner) the nearer

does the resulting salt approach the colourless condition, and the less

is its stabilitj^ ; and only the mono-acid salts are of any practical

value as actual dyes. The transformation of the completely colourless

carbinol base into the coloured form, which occurs during the conver-

sion into a salt, is explained by E. and 0. Fischer and Nietzki in the

following manner :

C—C6H4NH2 p\—C6H4NH2+;HiCl = I

—C6H4NH2
i \J

\0H

-C6H4-NH2
-C6H4—NH2

I

XT Ci

.C6H4==NH2+^2^
\C1

Rosaniline baae. Hydrochloride (Magenta).

According to this, then, salt formation takes place with elimination

of water at one of the amino groups, the nitrogen atom therein becoming

pentavalent with production of a quinone-like system of linkages (cf.

Introduction).

It is assumed, therefore, that the colour of Magenta is due to the
" quinoid " structure. This conception has also been applied to the

other dyes of the Rosaniline series and to those of other groups. In

all such cases the transformation of a colourless base into the intensely

coloured dye salt is explained by an alteration in the constitution,

that is to say by a change into a quinoid form.

Corresponding to the coloured quinoid salts there should, therefore,

exist corresponding quinoid colour bases ; Pararosani line, for example,

being derived from a coloured ammonium base, isomeric with the

carbinol base, of the following formula :

1—C6H4-NH2
-C6H4-NH2

That such coloured Rosaniline bases do actually exist was first

shown by v. Georgievics in the case of Pararosaniline, and by Homolka
for New Magenta, in the following manner : on treating cold aqueous

solutions of the dyes with a slight excess of caustic soda red ppts are

obtained which are easily soluble in ether, chloroform, etc., giving

orange-yellow solutions. On passing carbon dioxide into these solu-

tions the dye is precipitated as the carbonate.

Later A. Hantzsch and G. Osswald also showed by means of electrical

conductivity measurements that a second Rosaniline base exists,

which is of about the same strength as potash and gives coloured

solutions. It is, therefore, a true ammonium base whilst the carbinol

base is colourless and is not dissociated to any measurable extent.

According to Hantzsch and Osswald the colour bases of the
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remaining di- and triphenylmethane dyes behave analogously to
Rosaniline ; in these eases also there exist, besides the' long-known
carbinol bases, coloured ammonium bases which all contain the
atomic complex :

-NR2
I

OH

where R is hydrogen or a monovalent group such as —CH3.
The existence of such ammonium colour-bases appears then to be

beyond doubt. The ether-soluble bases of v. Georgievics and Homolka
are not ammonium bases but are, according to Hantzsch and Baeyer,
imine bases produced from the former by elimination of water :

--NH2 ^^=< >=NH

Ammonium base. » Imine base.

On the addition of alkali to a triphenylmethane dye, therefore, an
ammonium base is first formed which then splits off water to form
the ether-soluble imine base. The latter is coloured and, by the

addition of water and internal transformation, is readily converted into

the colourless carbinol base. The various forms may be expressed in

the following formulse :

C-
_H.o-> r\z +H20-^ r\z

in
.

^OH
Ammonitim base. Imine base. Carbinol base.

IJsually the carbinol bases are obtained, as being the most stable

forms ; but in many cases the imine bases have also been obtained in

the pure crystalline condition, whereas the true ammonium bases are

only capable of a transitory existence in solution.

The fact that Crystal Violet and Malachite Green—members of

the triphenylmethane series, in both of which all the amino-hydrogen
atoms are replaced by methyl—when shaken with alkali and ether colour

the ether layer yellowish red (v. Georgievics) may possibly be explained

by the presence of products containing less methyl groups which always

accompany even the pure dyes ; or it may also be due to the fact

that methyl groups are readily split off by alkalis as methyl alcohol,

or as formaldehyde with simultaneous reduction, which would also

render possible the formation of an imine base.

Lastly, amine bases have latterly been obtained by treating tri-
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phenylmethane dyes with cone, ammonia, which correspond to the

carbinol bases.* PararosaniUne, for instance, yields a colourless base :

c
—C6H4.NH2
—C6H4.NH2
—C6H4.NH2

\NH2

which can be readily transformed with loss of ammonia into the original

colourless carbinol.

. Taking the quinoid formulae as our basis, the triphenylmethane

colours may be named as follows. f The parent substances of the dyes,

which may be regarded as substituted quinones, can be termed Fuch-
soneimine, and Fuchsone :

CqHh— C— CeHs
II

V
II

NH
Fuchsoneimine.

C6H5-C-C6H5
II

II

o
Fuchsone.

Pararosaniline is accordingly a ^-diaminofuchsoneimine, and Aurine

_p-dihydroxyfuchsone, the other colours of the group may be readily

named on the same basis. The dye salts correspond to the above
formulae ; e.g. R-osaniline hydrochloride :

H2N.C6H4-C-C6H4.NH2
II

II

H-N-H
I .

CI

is a 2>-diaminofuchsoneimonium chloride

Rosenstiehl has put forward quite different views as to the constitu-

tion of Magenta and the mechanism of salt formation in general amongst
the basic triphenylmethane colours.

According to him Rosaniline is a tertiary alcohol, the hydrochloric

acid salt being the hydrochloric acid ester corresponding to the formula :

c
C6H4.NH2

—C6H4.NH2
—C6H4.NH2

\C1

* V. Villiger and Kopetschni, Ber., 45, 2910 (1912). Obtained also by Noelting

and Saas, Ghetii. Ztg., 1912, 1422.

t Suggestions regarding the nomenclature of these compounds have been put
forward by Ad. v. Baeyer and V. Villiger, Ber., 37, 2856 (1904).
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E. Fischer and W. L. Jennings, however, have shown that the

properties of hydrocyanorosaniline, prepared by them,* do not accord

in any way with Rosenstiehl's formula and are quite different from

those of Rosaniline. Hydrocyanorosanihne is certainly a derivative

of triphenylacetonitrile :

c
=(C6H5)3

—CN

and has the constitution

CE(C6H3NH2)3
-CN

Hydrocyanorosaniline.

Now, since chloro- and cyano- compounds of similar structure

always resemble one another very closely, Rosaniline hydrochloride

should—if Rosenstiehl's formula be correct—show great resemblance

to Fischer and Jennings' hydrocyanorosaniline. Actually this is far

from being the case : Rosaniline hydrochloride is intensely coloured,

readily soluble in water and easily decomposed by alkalis ; hydro-

cyanorosaniline on the contrary is colourless, insoluble in water and

stable to alkalis. Its behaviour is, in fact, exactly like that of leucani-

line and agrees with the formula given above.

Further hypotheses have been put forward from time to time

in recent years to explain the peculiar behaviour of the basic

triphenylmethane dyes, and will be noted briefly in chronological

order :

V. Georgievics was of the opinion
"f*

that it was desirable to intro-

duce a new symbol, in order to show the part played by the three amino

groups of the Rosaniline series, or the two amino groups of the diamino-

triphenylmethane dyes, in the production of colour ; for instance, by

uniting the nitrogen atoms together :

C

—C6H4NH2 (1)

—C6H4NH2 (2)

—C6H4NH2 (3)

I

CI

The assumption of such a system of linkages is, however, hardly a

satisfactory explanation. It would perhaps be better to represent by
partial or secondary valencies the part played by nitrogen atoms

(1) and (2) in the alteration of the benzene nucleus (3) which takes

place during the formation of the dye from the carbinol base :

* Ber., 26, 2221 (1893).

t Zeitsch. /. Farben- und Textilchemie, 1904, 37; H. Kaufmsmn, ibid., 117.
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,—C6H4.NH2

••. — .
\

•...-"' CI

—C6H4.NH2

Another method for formulating the triphenylmethane dyes, both
basic colours and Aurines, has been suggested by A. v. Baeyer and V,

Villiger.* They assume that the triphenylmethane dyes, in distinction

to the colourless triphenylmethane derivatives, contain a special'

" Carhonium Valency," which they represent by a wavy line (cf.

p. 17), e.g.

:

C=(C6H4ci)3 r\
OSO3H \J

=(C6H4NH2)3

CI

Magenta.

Objections to this hypothesis have been made by Hantzsch.f

Yet another method of formulation has been devised by H. Kauff-

mann, taking into account the doctrine that valencies can be sub-

divided, f Assuming that all three benzene rings of Pararosaniline

are exactly similar and that no one of them is quinoid, as is assumed
in the usual quinoid formula, Kaufmann arrives at a formula reminis-

cent of Rosenstiehl's :

c
^C6H4^(NH2)..

^CeHi—(NH2)--^An

^C6H4^(NH2)--''
i

It differs from the older formula in that the anion (An) is united both

with the central carbon atom and with the auxochromes by valencies.

When the bonds which unite the anion with the auxochromes dis-

appear, i.e. when the anion becomes very weak, the formula becomes
practically identical with that of Rosenstiehl. The subdivision of the

valencies belonging to the central carbon atom is assumed to be the

cause of the colour. § The formula is intended to express the fact

that the ease with which the valencies can be split up and the coloured

form produced, depends upon the number of valency lines by which

the auxochrome is united to the anion, and so upon the strength of

the auxochrome. Lastly the student may be reminded of Willstatter's

view, mentioned in the Introduction (p. 15), that the colour of

the triphenylmethane dyes is due to their wien'-quinoid condition.

* Ber., 38, 569 (1905). f Ber., 38, 2143 (1905).

X Ber., 45, 781 (1912).

§ H. Kauffmann, Die Valeuzlehre, p. 480.
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Similar relationships hold good for the most part in the Rosolic

acid group ; in this case trihydroxytriphenylmethane :

c
=(C6H40H)3

—

H

corresponds to the leuco base of Rosaniline, whilst the analogue of

Rosaniline itself is Aurine, the anhydride of trihydroxytriphenyl-

carbinol :

= (C6H40H)2

=

In accordance with the foregoing system of nomenclature, Aurine—also

termed Pararosolic acid—may be named ^-dihydroxyfuchsone.

Like leucaniline, the leuco compounds are colourless ; the dyes, corife-

sponding to fuchsone, are yellow, whilst the metallic salts have an

intense red colour.

The carbinol,

~|=(C6H40H)3

C^ OH

is unknown, though its triacetyl compound—triacetylaurine—is known.

On Kaufmann's hypothesis the formula of Aurine should be written,

by analogy with Pararosaniline

:

c
—C6H4;^0..

—C6H4—0--)Kat
—C6H4^0'''

(Kat=a monovalent kation.) The dotted lines are intended to

represent the subdivided valencies of this ion, each one indicating

a group of such subsidiary valencies.*

Methods for the Preparation of Triphenylmethane Dyes.

(a) By the oxidation of para-toluidine and its derivatives, together

with such bases as are capable of forming Rosaniline :

ATTT /^—C6H4NH2
C6H4^g =^ [iJ+2C6H5NH2+30 - I —C6H4NH2+2H2O

,.TnlnJ^Jnl AniHn« V/—C6H4NH2
j>-Toluidine. Aniline \0H

Rosaniline.

This method is employed for the production of Magenta ; arsenic

acid or nitrobenzene are used as oxidizing agents.

* For recent views, of. F. Kehrmann, Ber., 61, 468 (1918), and H. E.

Fierz and Koechlin, Helv. Chim. Acta, 1, 210 (1918).
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The process, which has already been explained, may also take another
course leading to the formation of Chrysaniline, a colour belonging
to the Acridine series and having the following formula :

/\

sy—C-

1NH2

NH2
Diaminophenylacridine or Chrysaniline.

or, if written as a triphenylmethane derivative :

-NH2

_^>—NH2

N
/

This dye, which is always formed together with Magenta, owes its

occurrence to a partial ortho condensation, wherein the compound

-< >—NH2
-O-NH2

NH2

\H

must be assumed as an intermediate product.

In this process, as is well known, the methane carbon is obtained

from the methyl group of the ^-toluidine employed.

According to the patents of L. Cassella & Co., the yield is greatly

improved if the methane carbon atom be furnished by a simple

aliphatic compound, for which reason the addition of such sub-

stances as methylsulphuric acid or methyl alcohol to the Magenta melt

is recommended.

(6) The condensation of formaldehyde with aniline yields anhydro-

formaldehydeaniline * :

CH2; = CH2-N.C6H5+H2O
Anhydroformaldehyde -

aniline.

;:0: + N:H2C6H5

''Formaldehyde. Aniline.

On heating this product with aniline and aniline hydrochloride, it

* If aniline be replaced in this process by Rosaniline, Safranine, etc., there

results, according to Trillat, a new class of dyes : Compt. rend., 116, 1382-1385;
Ber., Ref., 26, 688 c. (1893).
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is converted, by intramolecular rearrangement, into diaminodiphenyl
methane :

CH2=N.C6H5+C6H5NH2 = CH.2= (C6H4NH2)2
Diaminodiphenylmethane.

This latter is easily convertible into triphenylmethane dyes, and
yields Magenta direct when heated with aniline and aniline 'hydro-

chloride in presence of an oxidizing agent. This method, which has

been patented by the Hoechst Farbwerke, is termed the " New Magenta
process," and forms the most important improvement in this branch.

According to Friedlander the chief advance effected by this process

consists in the improved yield of dye, the smaller amount of trouble-

some by-products, and the possibility of obtaining homogeneous products

instead of the mixtures of homologues formed in the older process
;

this reaction is also capable of wide application.

Magenta, New Magenta and various acid violets are made by this

process ; the greater proportion of Magenta is, however, still made by
the older nitrobenzene process.

(c) When phosgene gas, COCI2, is allowed to act on dimethylaniline

in the presence of zinc chloride, tetramethyldiaminobenzophenone is

formed *
:

mri -lC6H4:H.:N(CH3)2 _ nA—C6H4N(CH3)2
, .Trp,

^"'^^2:+C6H4iH.;N(CH3)2 ~ IjU—C6H4N(CH3)2"^^^'-
Tetramethyldiamino-

Phosgene. Dimethylaniline. benzophenone.

This latter can then be readily condensed, with various bases, to

form triphenylmethane derivatives, e.g. :

co=^:h:n|^h:!:+«*n(ch3). =
G:

=[C6H4N(CH3)2]3

OH
Dimethylaniline Hexamethylrosaniline.

the condensation being carried out preferably in the presence of phos-

phorus oxychloride : the ketone-chloride is formed intermediately.

Dyes produced by this method are known as Phosgene colours.

{d) By condensing tetralkylated diaminobenzhydrol (p. 171), e.g. :

C6H4N(CH3)2
CH.OH
\C6H4N(CH3)2

and its analogues with bases, phenols, and acids, a number of triphenyl-

methane dyes (Chrome Violet, Chrome Blue, and a series of Acid Violets)

are obtained.

Fr. Bayer & Co. have found that the above hydrol can also be

condensed with naphthalene, naphthalene sulphonic acids, nitrobenzene,

* According to Fierz and Koechlin {Helv. Chim. Acta, 1, 210 (1918), the initial

product is the ketochloride, CCl2[C6H4.N(CH3)2]u, in which case the reaction would

take a different course to that indicated above.



TRIPHENYLMETHANE DYES 191

etc., and even with finished dyes (Oxazines) (e.g. Turquoise Blue,

Naphthalene Green).

The constitution of the resulting leuco compounds, which must
be oxidized to convert them into dyes, depends entirely on the conditions

under which the condensation was carried out.

(e) In a similar manner, dyes of the Rosaniline group, e.g. :

c
—C6H4N(CH3)2 ^
-NH2

, p XT ^,pxT . / 1
=[C6H4N(CH3)2]3

_jj +C6H5N(CH3)2 = i
_^^jj^

—C6H4N(CH3)2 \J—^
Leuco base of Auramine. Dimethylaniline. Leuco base of Methyl Violet.

may be obtained by condensing leuco-Auramines with tertiary bases.

(/) Benzaldehyde may be condensed with bases, in presence of

acids or zinc chloride, to dyes of the diaminotriphenylmethane, or

Malachite Green series :

C6H5C;o:h+^^]^* lipCH^!: = (^=SS4N(HC3)2j.

Benzaldehyde. Dimethylaniline. Leuco base of Malachite

Green.

If benzaldehyde be replaced by its ^-nitro or ^-amino derivative,

rosaniline leuco bases are obtained.

(g) By the condensation of benzotrichloride, C6H5CCI3, with bases

or phenols. Formerly a number of colours of the Malachite Green

and Rosolic Acid series were prepared by this means, but the method
has now been abandoned.

Certain special methods will be described in their proper places

later on.

Triphenylmethane dyes may also be formed in the following ways :

(a) According to K. Heumann, carbon tetrachloride, CCI4, can be

condensed to Rosaniline and Rosolic Acid dyes, with bases and phenols

in presence of aluminium chloride. The process, however, is not used

on a technical scale.*

(6) From ^-aminobenzyl alcohol

„ „ CH20H\
^«"*NH2 )

and aniline (Kalle & Co.).

(c) By treating benzylidene compounds with amines (M.L.B.),

e.g. :

/C6H4NH2 p /C6H4NH2
CeHsCH +C6H4t;Tx = CeHaCH ^ +C6H5NH2

\NH.C6H5 ^^'
^^<5H=^NH2

* Cf. Fierz and KoechUn, Helv. Chim. Act., 1, 218 (1918).
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(eZ) By condensing ^-nitrobenzal chloride :

/CHCI2 (1)

C6H4
\N02 (4)

or jp-nitrobenzyl chloride ;

/CH2CI (1)

C6H4
\N02 (4)

with aromatic bases.

(e) By the action of certain methane derivatives, such as iodoform,

chlorpicrin, etc., on aniline.

(/) Rosaniline dyes can be obtained by heating Rosolic Acid with

ammonia or aniline.

(g) From triphenylmethane, by nitration, and reductiop of the

resulting trinitrotriphenylcarbinol

.

(h) Dyes of the Rosaniline group are also formed by heating a

mixture of an aromatic glycine R .NH . CH2X with a primary aromatic

base, an aromatic nitro compound and iron salts to 180°-200°C. Pre-

sumably a transformation first occurs leading to a substance of the

configuration H2N.R.CH2X.*
It has been found possible to convert diamino- into triamino-

triphenylmethane dyes by heating the ^j-sulphonic derivatives of the

former with aromatic bases.

f

Finally, a number of colours of this group are also obtained from

Magenta (v.i.).

General properties and behaviour of the Diamino- and Triamino-

triphenylmethane Dyes.

These dyes come into commerce in nearly all cases as the chlorides,

and less frequently as the acetates, oxalates or zinc-chloride double

salts. With the exception of the green dyes, they exhibit the pheno-

menon of surface-colour to a very marked extent, that is to say, thick

layers of the solid dyes show a colour which is complementary to their

true colours ; for example. Magenta is red when dissolved or in a state

of fine subdivision, whilst in, the compact form in which it is sold it

shows a beautiful green surface coloration.

They are best dissolved in distilled water acidified with acetic

acid ; on dissolving in pure water they readil}^ undergo an alteration

which has not so far been explained ; it< is probably due to partial

hydrolysis of the dye salt, though so far this has only been confirmed

in the case of Magenta. J
The solutions are decolorized by an excess of alkali or acid, or by

reducing agents, the products being either the carbinol bases, poly-

acid salts, or the leuco bases, according to the reagents employed.

As dyes, they are " substantive " and " monogenetic." In the

dyeing process the colour bases alone are absorbed, so that it is

* D.R.P. 270930. f DRP- 287003.

X V. Georgievics, Mitt. des. k. k. technol. Qew.-Mus,, Wien, 1894, 214.
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immaterial which salt is used. They dye silk and wool direct, without

any assistant, and cotton after treatment with tannin.

Very beautiful shades are obtained, but for the most part they are

fugitive to light. Their chief application is in cotton and silk dyeing

and printing. In practice they are grouped among the basic or tannin

colours. Their sulphonic acids are acid dyes which play an important

part in the dyeing of wool and silk.

H. Wieland has recently shown that the basic triphenylmethane

dyes are readily reduced by means of sodium hydrosulphite in aqueous

alkaline solutions to form colourless salts which have an affinity for

textile fibres and may thus be used for vat dyeing, the colourless com-
pounds being reoxidized with extraordinary rapidity by the action of

air to reform the dye.* In the case of MaJachi^e—Xiiieen the pure

sodium salt has been isolated and has the composition :

[(CH3)2N-C6H4.]3=C.S02Na

Red and Violet Rosaniline Dyes.

Magenta (Fuchsine).—Commercial Magenta is a mixture of the

chlorides (more rarely the acetates) of Para- and Homo-rosaniline. It

is prepared by oxidizing " Aniline oil for red "—i.e. a mixture of

aniline with oriho- and ^ara-toluidine—with arsenic acid or nitro-

benene. In the first-named method, the mixed bases in question are

heated to 170-180° C, with a syrupy (about 70%) solution of arsenic

acid for 8-10 hours. The product of this reaction, the so-called
" Magenta melt," is ground up and lixiviated, the arsenic being partly

neutralized with lime, and the Magenta finally salted out by means
of common salt, to be afterwards purified by re-crystallization from
water.

The Magenta melt contains, in addition to Magenta, a number
of other dyes, such as Violaniline, Mauvein, Chrysaniline, etc., some
of which are isolated, e.g. Phosphine.

In the nitrobenzene process (Coupier, 1886) aniline and a little

aniline hydrochloride are mixed with crude nitrobenzene and iron

filings, and heated to 190° C. for 10-24 hours, the remainder of the

treatment being the same as in the previous process. In this case

the nitrobenzene serves as the oxidizing agent, the iron salts serving

as carriers of oxygen.

At present, the nitrobenzene process is almost exclusively used in

preparing Magenta,f the arsenic process having been almost entirely

abandoned on account of the poisonous nature of the arsenic. For
many purposes, however, especially the production of large crystals

for export, importance still attaches to the Magenta obtained by the
arsenic acid process.

* Ber., 52, 880(1919).

t The formation of Magenta from p-nitrodiaminotriphenylmethane is of theo-
retical interest. This compoimd, when gently reduced, yields a phenylhydroxyl-
amine, which, on being heated with HCl, is converted into Magenta (Prudhomme,
Compt. rend., 121, 891).

8
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Both Magenta and New Magenta are prepared at the Hoechst
Farbwerke by the " New Fuchsine " or formaldehyde process. New
Majenta is a trimethyh-osaniUne :

C
_ /p jr CH3\ (3)

/CHs (3)

= C6H3-NH2 (4)

CI

and is produced from orf^o-toluidine. It possesses the advantage of

being more soluble in water than ordinary Magenta, but is unsuitable

for the manufacture of Aniline Blue.

The purest commercial form of Magenta is Diamond Magenta
(B.A.S.F.) ; whilst more or- less impure grades are sold as Rubine,
Cerise, Geranium B, Roseine B, Maroon, etc.

The yellower the tinge of Fuchsine the greater its value, on which
account it is frequently mixed with some yellow dye, and sold as

Fuchsine {extra Yellow), Fuchsine Scarlet (mixed with Auramine),

Cardinal, Russian Red (mixed with Safranine), Russian Leather Red
(Grenadine or Cerise, shaded with Chrysoidine), etc.

The special importance of Magenta lies not only in its properties as

a dye, but even more in the fact that it serves as an intermediate for

the production of a whole series of other rosaniline colours.

By the nitration of Magenta colours are obtained which dye wool,

silk and tannin-mordanted cotton garnet-red shades. Further, trisazo

dyes have been obtained from Magenta by diazotizing and coupling

with salicylic acid and o-cresotinic acid :

CH3 (1)

CaHsOH (2)

COOH (3,

which dye chrome-mordanted wool fairly fast yellow shades

{Alizarin Yellow FS (D. and H.)).

o:o'-Dichlormagenta, prepared from ^-aminobenzaldehyde and o-

chloraniline, is stated to possess therapeutic value for the treatment of

diseases, such as sleeping sickness, due to trypnasomes.*

Production of Violet, Green and Blue Dyes from Magenta.

If the hydrogen of the amino groups in Magenta be replaced by
methyl or ethyl groups, violet dyes are formed, the colour of which
becomes bluer according to the number of alkyl groups entering into

the Magenta molecule. On treating these violet substitution products

with methyl chloride, ethyl iodide, etc., we obtain addition products

which are green dyes. Finally, the substitution of the hydrogen of

the amino groups in Magenta by phenyl groups, yields violet to blue

dyes. Only one hydrogen atom of each amino group can be replaced

by phenyl, and then only if the ortho position to the amino group is free.

* D.R.P. 264942 (Cassella). J
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Violet Rosaniline Dyes.

y^ ^^^tJujlVjiolet (Violet de Pa/ns^—Under this name figure a whole
^^ series of commercial dyes, which are mostly mixtures of methylated

rosanilines. Those with a red shade contain few methyl groups and
are designated Methyl Violet R, 2R, SR, etc. ; the larger the number
of methyl groups added on the bluer the product becomes. The blue

marks are indicated by the letters B, 2B, SB, etc. From the foregoing

it follows that the bluest brand of Methyl Violet must be a hexamethyl-

rosaniline : ^

=[C6H4 . N(CH3)2l2

^'-C^V ^ \^=C6H4.N(CH3)2 X/"'

^/ CI

These dyes were formerly prepared by methylating or ethylating

rosaniline by the action of alkyl halides, and the first violet of the group
was obtained by A. W. Hofman in this manner. This " H.ofman's
Violet " is the iodide of triethylrosaniline, corresponding to the formula :

c
=:(C6H4.NHC2H5)2

--C6H4=NH . C2H5
I

I

It is now merely of historical interest.

At present only the red marks of MethylVjigJet are prepared by
methylating rosaniline. The most usual method now employed con-

sists in oxidizing dimethylaniline with cupric chloride and an alkali

chlorate in the presence of phenol and a large excess of common salt

:

the resultant insoluble compound of Violet and cuprous chloride is

decomposed by treatment with ferric chloride and the dye precipitated

by means of salt.

The process may also be carried out by treating the product after

oxidation with milk of lime, whereby phenol and salt go into solution,

the violet base, copper hydroxide and calcium sulphate remaining

undissolved. The insoluble portion is then filtered off and treated

with hydrogen sulphide, the copper being converted into copper sulphide.

The dye base is then separated by means of dilute hydrochloric acid,

in which it dissolves, and the dye is then salted out with common
salt. If desired it can be further purified by again dissolving and salting'

out. The mechanism of this interesting reaction is as follows : One
CH3 group of dimethylaniline is oxidized to formaldehyde, which
condenses with the resulting methylaniline and the unaltered dimethyl-

aniline to amixture of penta- and hexa-methylrosaniline. Conse-

quently, diethylrosaniJine, which does not contain any CH3 group,

does not furnish a violet when treated in the above manner ; but if

heated with formaldehyde violet formation takes place readily. In
this process of manufacturing violet from dimethylaniline, the part

played by the added phenol has not so far been elucidated.
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The violet prepared in the manner described can be converted

into the bluest grade of Methyl Violet {QB), by heating with benzyl

chloride, the product being a pentamethylbenzylrosaniline.

Another very bluish violet is formed from phosgene and dimethyl-

aniline ; the hexamethylrosaniline so formed is sold as Crystal Violet.

Its preparation is carried out as already described (p. 190), namely,

by the action of phosgene on dimethylaniline in the presence of zinc-

chloride as a condensing agent ; Michler's ketone is first formed which

then condenses further with dimethylaniline to yield the chloride of

hexamethylpararosaniline.* The synthesis may also be carried out,

though less advantageously, by condensing formaldehyde with dimethyl-

aniline to form tetramethyldiaminodiphenylmethane, which is then

oxidized to the hydro!, condensed with dimethylaniline, and the

resultant leuco base oxidized to the dye.

Like Magenta, Methyl Violet serves chiefly for dyeing cotton : in

therapeutics it is used as an antiseptic under the name of Blue

Pyoktanine (cf. Introduction).

The following violet dyes are nearly allied to Methyl Violet in com-
position and show a similar behaviour :

Ethyl Violet contains ethyl groups in the place of methyl groups
;

Benzyl Violet is a more or less benzylated Methyl Violet. Finally,

Methyl Violet is also frequently mixed with other colours : Dahlia,

Primula, etc., are mixtures of Methyl Violet with Magenta ; Indigo

Blue, Benzyl Blue, Marine Blue, and Peacock Blue are names applied

to mixtures of Methyl Violet and Malachite Green, etc.

Latterly, a number of new dyes, yielding violet-blue shades on wool,

silk, and tannined cotton, have been prepared from Methyl Violet

by nitration (Soc. Anon. Mat. Col. St. Denis).

Mention may also be made here of an interesting new type of dye

containing an indole nucleus : 4-chloro-4'-dimethylaminobenzophenone

(I) is condensed with N-ethyl-a-phenylindole (II). The resultant inter-

mediate is heated with ^-phenetidine and the second product (III) is

sulphonated. The sulphonic acid dyes wool in reddish blue shades

which are very fast to light.

f

H

C-C6H5

C2H5

(I) C\<^ ^-CO
-^^

^-N(CH3)2

(III) C2H50-/ 'y-'^-\^^^^(

(11)

N(CH3):

of^y^.cM.

* According to Fierz and Koechlin [Helv. Chim. Acta, 1, 210 (1918)], the initial

product of the reaction is the ketochloride, CClo[C6H4.N(CH3)2]2-

t D.R.P. 290065, 296496 (M.L.B.).
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The Green Rosaniline Dyes.

Aldehyde Green.—This, the first artificial green dye, owed its dis-

covery to the advice given by a photographer to a dyer, with the

object of improving the fastness of Aldehyde Blue, namely, to fix the

colour with sodium thiosulphate in the same manner as a photographic

negative. The blue (or violet) in question was obtained by Lauth

by acting with sulphuric acid on a mixture of Rosaniline and aldehyde
;

and is changed to green when treated with sodium thiosulphate. This

green was largely used for dyeing silk and wool. It probably contains

sulphur. According to subsequent researches, with a view to eluci-

dating its constitution, it is derived from quinoline,* and may be an
alkylated diphenylquinolylcarbinol derivative. It was soon displaced by

Iodine Green, which is a dye first discovered in the mother liquor

from Iodine Violet, and found to be an addition product of this

latter and methyl (or ethyl) iodide. It is prepared by treating Methyl

Violet with methyl iodide ; if we here start with a hexamethylated

violet, the comjJosition will be :

in=[CeH.N(CH3).]._^^^^j^
or C

\J=C6H4-N(CH3)2 I .

—C6H4.N(CH3)2
—C6H4N(CH3)2

CHs I

:C6H4-N(CH3)2

It was largely used at one time. If the methyl iodide used in its

preparation be replaced by methyl chloride, Methyl Green is obtained :

C
—C6H4.N(CH3)2
—C6H4 . N(CH3)2

/\
CH3 CI

=C6H4=N(CH3)^
1

CI

For some time it enjoyed considerable popularity as a substitute

for Iodine Green, which it soon displaced, but at the present day it

is of slight importance. Like Iodine Green it has the disadvantage

that it splits off methyl halide (chloride) on heating to 110° or 120° C,
being converted into Methyl Violet. It is used chiefly for cotton dyeing
and calico printing as it is faster to light then Malachite Green [v.i.).

It is unsuitable for dyeing wool. Usually it comes into the market
as the zinc-chloride double salt.

The Blue Rosaniline Dyes.

A number of commercial dyes—such as Rosaniline Blue, Aniline
Blue, Spirit Blue, Lyons Blue, etc.—consist of variable mixtures of

mono-, di- and triphenylrosanilines in the form of hydrochlorides.

* Aldehyde Green (origin). Gattermann and G. Wichmann, Bcr., 22, 234
(1889); Aldehyde Blue, ibid., 22, 227 (1889). Constitution of Aldehyde Green,
Miller and J. Plochl, Ber., 24, 1700 (1891).
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The more closely their composition approximates to that of triphenyl-

rosaniline

:

c
=(C6H4.NH.C6H5)2

=C6H4=NH.C6H5
I

CI

the less the redness of the shade and, accordingly, the purer the blue.

As already noted not more than three phenyl groups can be introduced

into the Rosaniline molecule. The purest Rosaniline Blue is charac-

terized by the fact that it also retains its pure blue shade in gaslight.

The conversion of Rosaniline into blue by phenylation was dis-

covered by Girard and De Laire in 1861, the first product—which was
insufficiently phenylated and consequently of a very reddish tinge

—being sold as Bleu de Lyon (Lyons Blue). The present Spirit Blue,

or Rosaniline Blue, is prepared by heating together, for about four hours,

a mixture of Rosaniline and almost chemically pure aniline (the so-called

" Aniline oil for Blue "), with a httle benzoic acid. The product

is partially neutralized with hydrochloric acid, and the chloride of the

colour base crystallized out.

To ensure that the phenylation is as complete as possible, an excess

of aniline must be taken and the latter must also be pure (i.e. free

from toluidine), since toluidine produces reddish-tinged blues. The
benzoic acid is recovered unaltered from the melt, but the part * it

plays in the process is unexplained.

Pararosaniline (C19) on phenylation yields the triphenyl derivative,

whereas technical Rosaniline (C20) is converted chiefly into the diphenyl

derivative ; at all events Baeyer and Villiger stated that commercial

Rosaniline Blue either contains no triphenylrosaniline or only in a very

impure condition.

New Magenta (C22) cannot be phenylated at all.

The discovery of Rosaniline Blue was of very great importance

to the dye industry, though at the "present time its practical application

is very restricted.

Diphenylamine Blue.—This dye, discovered by Girard and De
Laire in 1866, successfully competed with the first Rosaniline Blue.

It is formed, though with poor yield, by heating diphenylamine,

CeHs.NH.CeHs, with oxalic acid in presence of benzoic acid, and

consists of triphenylrosaniline.t It differs from Rosaniline Blue^

but appears, however, to be identical with triphenylpararosaniline

and is used for the production of Water Blue {vide infra).

Mixtures of tolyl- and diphenyl-rosanilines come into commerce

as Regina Violet.

A large number of green to blue dyes have been prepared from

tetramethylidaminobenzophenone and tetramethyldiaminobenzhydrol

.

As already mentioned, the latter is distinguished by its great capacity

for undergoing condensation, and is largely used for the production

of basic, acid and mordant colours.

* First observed by Wanklyn (1862).

f It is formed also from diphenylamine and j9-nitrobenzylchloride. Wedekind,

Ann. Ch., 307, 283.
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Victoria Blue.—The various products put on the market under

this designation are Phosgene dyes. The mark B is prepared by con-

densing tetramethyldiaminobenzophenone chloride with phenyl a-

naphthylamine, and, therefore, corresponds to the formula : ,

C
r=[C6H4N(CH3)2]2

=:CioH6-N-C6H5

(as the imine base).

Victoria Blue can only be obtained as the imine base, the carbinol

and carbinolamine base being as yet unknown.*

If instead of phenyl-a-naphthylamine we 'use methylphenyl-a-

naphthylamine Victoria Blue 4/2 is obtained (B.A.S.F.).

The much more reddish shade of this dye indicates that its con-

stitution differs from that of the B brand : it is probable, therefore,

that it is a triphenylmethane derivative of the following constitution :

{CH3)2N-(^ f^=N(CH3)2

CI.

N-C10H7

whilst the B mark is a diphenylnaphthylmethane derivative. The
R mark (B.A.S.F.) is produced with the aid of monoethyl-a-naphthyl-
amine and is identical with New Victoria Blue B (By.).

Victoria Blue plays an important part in wool dyeing, where it is

used as an acid dye, but unfortunately the shades so obtained show
a lack of fastness to light and rubbing, although very handsome and
fast to milling.

Night Blue.—This very beautiful but fugitive blue is prepared in a
similar manner to Victoria Blue, but from tetraethyl-diaminobenzo-

phenone and p-tolyl-a-naphthylamine. It owes its name to the

beauty of its colour under artificial illumination. One of its note-

worthy properties is that of furnishing insoluble compounds with

many dyes, e.g. picric acid, Naphthol Yellow S, etc., on which account
it can be used for the quantitative estimation of these substances.

Night Blue is used, to a small extent, for dyeing silk.

SuLPHONic Acids of the Rosaniline Dyes.

In 1862 it was discovered by Nicholson that insoluble Rosaniline

Blue, when heated with concentrated sulphuric acid, could be con-

verted into a blue colouring matter soluble in water. This discovery

was of far-reaching practical importance, as it was afterwards found
that many other dyes could be advantageously modified by the same

* Noelting and Saas (private commvinication).
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treatment. The introduction of sulphonic groups weakens the tinctorial

power of the dyes in general ; but, on the other hand, the resulting

sulphonic acids, or their alkali salts (which alone are used in practice),

are all soluble in water and can be used in the same way as acid colours,

which makes them especially valuable for dyeing wool. Again, whilst

Methyl Violet, for example, is itself soluble in water, it is far less suitable

for dyeing wool than is the Acid Violet which it yields on sulphonation,

as the latter is capable of dyeing wool from an acid bath whilst Methyl
Violet itself cannot be so used.

Nicholson's method for converting basic dyes into soluble acid-

dyes is of great practical importance, and is applied to all classes of

colours. The sulphonic groups can be introduced either by sulphonating

the finished dyes or their leuco compounds, or by employing pre-

viously sulphonated components in their preparation.

Add Magenta (" Fuchsin S ").—The commercial products sold

under this title are acid sodium salts of Magenta di- or trisulphonic acids.

They are prepared by treating Magenta with fuming sulphuric acid.

Acid Violet.—This is the general name applied to a series of colours,

>vhich were very important at one time, but have become less so since

the introduction of the levelling azo dyes (Azo Fuchsine, Chromotrope,

etc.). They are sodium salts of sulphonated Methyl Violet dyes, and

are prepared for the most part by the benzhydrol condensations. A
number of them are not uniform products, but are the result of mixing

red and blue dyes, Acid Violet 4RS (By.), for instance, being a mixture

of an Acid Violet with Acid Magenta ; whilst Wool Blue S (B.A.S.F.)

is a mixture of Acid Violet 7B and Blue Green S, etc.

Only a few of the reddish marks are obtained by direct sulphona-

tion of the dyes, e.g. Red Violet 4RS, 5RS (B.A.S.F.) from dimethyl-

magenta and ethylrosaniline respectively. The blue marks are

obtained almost exclusively by condensation methods.

Thus Acid Violet N (M.L.B.), Acid Violet 6B (By.) are obtained

by the sulphonation of pentamethylbenzylrosaniline or its leuco base,

whilst Formyl Violet {5BN and S4:B) is obtained by condensation.

It is made by Cassella & Co. and is fairly fast to milling. It is similar to

Fr. B&yer's Acid Violet 5B, and is prepared by oxidizing diethylbenzyl-

diaminodiphenylmethanedisulphonic acid (from formaldehyde and

2 mols. alkylbenzylanilinemonosulphonic acid) to the hydrol, and con-

densing this with diethylaniline to the leuco-sulphonic acid, which

is then oxidized to the dye. The mode of formation may be shown

thus :

c

/C2H5 1

\CH2.C6H4SO3NaJ
+ (C2H5)2NC6H5+20= J±2

/C2H5
C6H4NC

C=
C6H4N/^'"' |2

\CH2.C6H4SO3NaJ

—C6H4N(C2H5)2
^^'^

\0H
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In practice the .condensation and oxidation are effected simul-

taneously.

The corresponding dimethyl derivative {Acid Violet GB (By.)) may
be obtained by oxidation of the leuco base from dimethyl-^-amino-

benzaldehyde with 2 mols. alkylbenzylanilinesulphonic acid.

Fast Acid Violet lOB (By.) is prepared from Michler's hydrol*

and a methylbenzylaniline-di-sulphonic acid in which one sulphonic

group is in the benzyl group whilst another is in the benzene nucleus

meta to the amino group.

Acid Violet 6BN (B.A.S.F.), notwithstanding its poor resistance

to alkalis, is a largely used colour, prepared from tetramethyldiamino-

benzophenone and m-ethoxyphenyl-^J-tolylamine (this component being

produced from resorcinol and p-toluidine) :

>-NH.C6H4CH3
(4) (1)

OC2H5

Acid Violet 7BN (M.L.B.), IB (B.A.S.F.) is formed by condensing

dimethyl- or diethyl-^-aminobenzoylchloride with methyldiphenyl-

aminesulphonic acid.

Alkali Violet.—This dye, first prepared by the Badische Anilin-

und Soda-Fabrik, is the sodium salt of a monosulphonic acid of

tetraethylmethylphenylrosaniline, corresponding with the formula :

c
=[C6H4N(C2H5)2]2

~^^^*^-C6H4S03Na
\0H

It possesses the remarkable property of dyeing wool in an alkaline,

acid, or neutral bath, the dyeings being particularly fast to milling.

For these reasons, Alkali Violet is a valuable colour for wool. It is

also used for blueing white silk, and is similar to Bayer's Alkali

Violet R.

Alkali Blue is the sodium salt of the monosulphonic acid of Rosani-

line Blue. It is largely used for wool and silk, on which it produces

a very handsome pure blue, fast to milling. The manner in which
this dye is applied is peculiar, and differs entirely from usual dyeing

methods owing to the insolubility of the dye acid. The goods are first

heated in an alkaline solution of Alkali Blue, the dye being thereupon
absorbed in the form of the colourless alkali salt ; on then

treating the fibre with an acid, the blue coloration is developed
instantaneously.

Navy Blue, Water Blue, Blackley Blue, Cotton Blue, Methyl Blue,

Silk Blue, China Blue, Bavarian Blue, Sedan Blue, etc. Under these

names a number of more or less pure blue dyes are put on the market,

most of them being ammonium (or sodium) salts of the di and tri-

sulphonic acids of Rosaniline Blue. Frequently one and the same dye

* Michler's hydrol is [(CH3)2N.CeH4]:,.CH.OH



202 DYE CHEMISTRY

is sold under different names, Cotton Blue and Water Blue, for instance,

being identical.

The two first on the list are reddish in shade, the remainder more
bluish.

Nicholson Blue is the commercial name of a mixture of Alkali

Blue and Water Blue in nearly equal parts.

Particularly greenish brands are obtained by sulphonating j8-

naphthylrosaniline, e.g. Brilliant Pure Blue 5G (By.), Brilliant

Dianil Blue 6G (M.L.B.), Isamine Blue QB (C), etc.

These colours are used for a number of purposes : for instance,

Water Blue is used very largely for dyeing cotton, silk and unions,

and also in paper manufacture.

It is noteworthy that certain of these dyes, such as Water Blue,

may be used for dyeing tannin-mordanted cotton ; thus, although

the introduction of sulphonic groups results in the formation of well-

defined acid colours, their original basic character is so far retained

that they are still capable of dyeing cotton as basic dyes.

Fast Acid Blue B (Bayer) is a new " Night Blue " obtained from

Michler's hydrol and a-naphthylaminedisulphonic acid. It is not very

fast to light, but levels well, and is fast to alkalis. Chemically identical

with this is Intensive Blue (BJ^).

To this class belong also Wool Blue N extra, and Brilliant Wool
Blue B extra (By.), which are characterized by their greenish-blue

shades. ^^-^

DiAMINOTRIPHENYLMETHANE DyES, OR DyES OF THi! MALACHITE
Green Series.

"

The simplest member of this series is Doehner^s Violet

C
— CeHs
-C6H4.NH2
=C6H4-NH2

i

CI

which is of no practical .importance.

All the older dyes of this group are green ; but later on it was
found that blue dyes of this series could also be produced such as the

various Patent Blues, etc.

The green members of the group are formed from diaminotriphenyl-

methane by replacing the amino hydrogen with methyl, ethyl, benzyl,

etc., groups, the benzylated dyes in particular giving pure shades.

With the exception of Bayer's Chrome colours they are all basic, and

can be converted into ficid dyes by sulphonation. The basic dyea

are used for cotton and in the manufacture of lakes, whilst the acid

dyes jare.employed for wool and silk.

c M^lacbit^_GTeeft) or Benzaldehyde Green, Victoria Green, Solid

Green, Benzoyl Green, New Green, Vert Diamant {Diamond Green),

etc.—This, the first member of the group, was discovered by 0. Fischer

in 1877. It is usually put on the market as the oxalate, occasionally

J
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as the zinc double salt. It is derived from tetramethyldiaminotri-

phenylcarbinol and, in the form of the hydrochloride, has the formula :

(CH3)2N-f^ (^-N(CH.3)2

\/
I

ci

I
<^^^Maiachite^reen has replaced almost completely the older Methyl

1
Green owing to its greater tinctorial power. It is prepared in the

'following manner (by O. Fischer's method) : Benzaldehyde (" Oil of

bitter almonds ") is condensed with 2 mols. dimethylaniline, in the

I

presence of a quantity of hydrochloric acid insufficient to combine

I
with all the amine, to the leuco base of tetramethyldiaminotriphenyl-

•methane, which is then converted into the dye by oxidation with lead

iperoxide and hydrochloric acid, the colouring matter being then pre-

cipitated by means of zinc chloride and common salt. More usually

the dye base itself is precipitated, which is then converted into the

oxalate. Formerly it was also made by Doebner's method by con-

densing benzotrichloride and dimethylaniline in the presence of zinc

chloride.

Brilliant Green, Ethyl Green, Emerald Green, New Victoria Green,

Solid Green J, etc.—These names are applied in commerce to the

tetraethyl derivative corresponding to Malachite Green. It gives

dyeings of a somewhat more yellowish tinge.

New Solid Green or New Victoria Green extra (Ges. f. Chem. Ind.)

is entirely analogous in composition to Malachite Green, but is prepared
with 2 : 5-dichlorbenzaldehyde instead of benzaldehyde.

Similar to this is Brilliant Glacier Blue (Ges. f. Chem. Ind.), from
2 : 5-dichlorbenzaldehyde and monomethyl-o-toluidine. Both are very
fine colours but are also very expensive.

To this group belong also the dyes made by Geigy & Co. from o-

chlorbenzaldehyde, namely, Setoglaucine and Setocyanine, which are

much valued for their clear and brilliant bluish shades.

All these dyes afford bluish-green to blue shades, and for the pro-

duction of pure greens are mixed with some yellow dye.

Somewhat similar are the dyes prepared by Fr. Bayer & Co., by
condensing diethanolaniline or monoethanol-o-toluidine :

(HO.C2H4)2.N.C6H5 C6H4.CH3.NH.C2H4.OH
Diethanol aniline. Monoethanol-o-toluidine.

with (chlor) benzaldehydes.*

The products peld more yellowish or greenish shades than the

dyes from diethyl aniline or monoethyl-o-toluidine.

* D.R.P. 278423.
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Further dyes belonging here are formed from o-phthalaldehyde-acid,

POOTT
C6H4_pTrpw . The acid, in the form of its salt, condenses with alkyl-

ated aromatic amines to form phthalines, e.g.

:

/CH-[C6H4N(CH3)2]2
C6H4

\COONa

These cannot themselves be oxidized to dyes, but the esters j'ield

greenish-blue dyes on oxidation :

c
=[C6H4N(CH3)2]2

-CeHiCOOR (?)

\0H

which have the power of dyeing cotton direct.*

Under certain conditions carboxylic acids can be condensed with

tertiary amines, in the same way as aldehydes, to give dyes of the

Malachite Green type. An example of this was prepared by Noelting

by condensing salicylic anilide with dimethylaniline in the presence

of phosphorus oxychloride :

C-
C6H4OH /N -C6H4OH

+ 2C6H5N(CH3)2 =-- I '=:[C6H4N(CH3)2]2
-NH.C6H5 V^-NH^CeHs

Salicylic anilide.

On splitting off the anilido group marked a by means of hydrochloric

acid, a Malachite Green dye is obtained. The analogous derivatives

from w- and ^-hydroxybenzoic acid and from o-nitro- and o-amino-

benzoic acid do not give this reaction. Mention may also be made of

an observation of Fr. Bayer & Co., according to which substituted

benzoic acids containing a —CH3 group ortho to the carboxyl may be
condensed- with tertiary amines to form greenish blue dyes.

Lastly, diaminotriphenylmethane dyes have also been prepared

with the aid of benzhydrols and benzophenones.

The Chrome colours of Fr. Bayer & Co. belong here : as an example,

the constitution and mode of production of Chrome Green may be

given : tetramethyldiaminobenzhydrol is first condensed with benzoic

acid in the presence of sulphuric acid :

C—
C6H4N(CH3)2 /^—C6H4N(CH3)2

—

H

+ CeHiH.COOH _ I —

H

, „ p.

;—Oii ~
I —C6H4.COOH+^^^

-C6H4N(CiH3J2
""""' \J-C6H4.N(CH3)2

Tetramethyl- Benzoic Acid,

diaminobenzhydrol

.

by oxidizing the condensation product so obtained a dye is produced
which is found in commerce as Chrome Green.

* Qilliard, Monnet and Cartier, Chem. Zentr., 1898, 11. 1111.
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On replacing the benzoic acid by salicylic acid in the above process

Chrome Violet is obtained, with a-hydroxynaphthoic acid Chrome
Blue is formed, whilst the use of aminosalicylic acid yields Chrome
Bordeaux. Like the green dye these colouring matters owe their names
to the colours of their chrome lakes.

They are intended for use in calico printing ; their chrome lakes

are very fiery and are fast to milling, but they are rather fugitive to

light.

Turquoise Blue is obtained by condensing tetramethyldiamino-

benzhydrol and p-nitrotoluen^. It is much used for calico printing

and lake manufacture on account of its very clear shade and its great

fastness to alkalis.

Quinoline Green is formed by condensing tetramethyldiamino-

benzophenone with quinoline. It does not occur in commerce and is

anything but fast.

Experience has shown that for nearly all the diaminotriphenyl-

methane colours the shade is altered towards greenish-blue or green

by o-substitution in the phenyl group, with the exception of the —OH
and —CH3 groups (Noelting and Gerlinger).

SuLPHONic Acids of the Diaminotriphenylmethane Dyes.

The generic name applied to the older dyes of this group is " Acid
Green." They come on the market in various degrees of purity, being

often mixed with Naphthol Yellow, and play a very important part

in wool and silk dyeing. Like the basic green dyes just discussed,

they are fugitive to light. The oldest member of the series, Helvetia

Green (the sulphonic acid of Malachite Green) is no longer prepared

technically.

Special popularity is enjoyed by Light Green SF (yellowish)

(B.A.S.F.), which is identical with Acid Green GG (By.), and
Acid Green extra cone. (C). It is prepared by the condensation of

benzaldehyde with benzylethylaniline and the introduction of three

sulphonic groups, the carbinol base, therefore, having the formula :

C—
C6H4S03Na

—C6H4N_^|j^^
CeHiSOsNa

-CeHiN-^l^'^CeHiSOaNa
\0H

It is largely employed in dyeing animal fibres and in the manu-
facture of lakes. Guinea Green (Akt.) is a similar product, but is

prepared from ethylbenzylaniline sulphonic acid.

The corresponding dye from o-chlorbenzaldehyde and 2 mols.

alkylbenzylaniline sulphonic acid with subsequent oxidation is even

more extensively used under the names of Night Green (t.M.), Brilliant

Acid Green QB (By.), Brilliant Milling Green B (C), etc. The
increased fastness and more bluish shade are due to the chlorine atom
ortho to the methane carbon.
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In the endeavour to obtain dyes of this class fast to alkalis, the

first advance was made by the introduction of Fr. Bayer's Fast Green,

which is obtained by condensing m-nitrobenzaldehyde with 2 mols.

dimethylaniline, then reducing the NO2 to NH2, followed by benzyla-

tion and sulphonation :

C

= [C6H4N(CH3)2]2

_ X^-CH.CeHiSOsNaun
^^-CH.C6H4S03Na

The various marks of this dye are faster to light and alkalis than Acid

Green (especially the mark Fast Light Green), and compete with these,

as also with Indigo Carmine, a blue levelling dye of the Indigo group.

A similar product is Wool Green S (B.A.S.F.)j produced by the condensa-

tion of tetramethyldiaminobenzophenone with jS-naphthol, and sul-

phonating the resulting product. An easier way of obtaining a finer

product is by a patent process (Bayer), consisting in condensing the

corresponding hydrol with the G-salt of jS-naphthol ; it is sold under

the name Wool Green BS. Neptune Green (B.A.S.F.) is a similar

colouring matter.

The most important development in this class of colours was the

discover}^ of Patent Blue.

In 1888 it was found, in the colour works of Meister Lucius and
Briining of Hoechst, that the condensation of w-hydroxybenzaldehyde
with a dialkylated aniline, e.g. dimethyl, diethyl, benzj'lethyl aniline,

etc., furnishes leuco bases, which can be converted into very valuable

greenish-blue dyes by sulphonation and subsequent oxidation. A
start can also be made with weto-amino or weto-nitrobenzaldehyde,

and then converting the amino or nitro groups into hydroxyl groups,

in the usual manner, after condensation with dialkylated aniline.

Typical compounds of this kind are Patent Blue V and N. The former

is the calcium salt of a disulphonic acid of wefa-hydroxytetraethyl-

diaminotriphfenyl carbinol.

It behaves like a monobasic acid, and it is very probable that H.
Erdmann's forfnula is correct, in which it is assumed that intra-molecular

salt formation occurs bet^'een one sulphonic and one amino group :

c
-C6H4N(C2H5)2
= C6H4-N(C2H5)2

\
—C6H2.SO::0

I \
OH SO3H

It is probable that a similar system of linkages is also present in

other acid dyes of the triphenylmethane series.

In other points, Patent Blue exhibits differences in behaviour as

compared with the other triphenylmethane dyes. Thus, for example,

it splits off diethylamine quantitatively when boiled with alkali ; when
boiled with concentrated hydrochloric acid, it gives tetraethyl-
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benzidine, analogously to tetramethyldiaminobenzhydrol, which is

oxidized to tetramethylbenzidine by lead peroxide and acetic acid.

Patent Blue A is prepared with ethylbenzylaniline (instead of

diethylaniline) ; other brands are mixtures.

Such marks are Patent Blue J00 (Patent Blue and Violet), Indigo
Substitute (Patent Blue and Victoria Violet), Patent Navy Blue, etc.

The Patent Greens O and V (M.L.B.) are also mixtures (of Patent
Blue and Acid Green).

Identical with the Patent Blues of Hoechst are a series of competing
colours such as Brilliant Acid Blue A, V (Bv.), Tetracyanol V, SF
(C), Neptune Blue B, BG, R, BX {B.A.S.F.),^Acid Blue G (t.M.), etc.,

The Patent Blues are acid colours ; they give very pure blue dyeings

and level better than Indigocarmine, which they are mainly used to

replace. In fact, they have largely displaced this dye, and play a very
important part in wool dyeing. With the exception of the mark A,

however, their dyeings are very fugitive to water.

Under the name Cyatiine {B and other marks), the Farbwerke
Hoechst sell a number of dyes, prepared by oxidizing Patent Blue of

various kinds. Their exact composition is unknown, but it appears

that methyl groups are eliminated during the oxidation process with

formation of formaldehyde. In their behaviour in dyeing, they

resemble Patent Blue, but yield shades somewhat faster to light, and
have a greater affinity for wool than the latter.

Cyanol (C.).^Thi8- beautiful dye, which has largely displaced

Patent Blue, is produced by condensing m-hydroxybenzaldehyde with

2 mols. monoethyl-o-toluidine :

followed by sulphonation, and finally by the oxidation of the leucodi-

sulphonic acid to the dye. Indigo Blue N and SGN (C.) are mixtures

of Cyanol with green and red.

The Ketone Blues (M.L.B. ), of which the mark 4BiV is the most

important, are Patent Blues, prepared from benzophenones, instead

of from benzaldehydes,* using in particular the ketone :

OCH3
I

/ \- CO-C6H4N(CH3)2

as the intermediate.

A further important advance in the Patent Blue group is due to

the observation of Sandmeyer, and independently of Suais, that the

blue colour and fastness to alkalis of these dyes depend on the presence

of a sulphonic group in ortho position to the methane carbon, and are

not, as previously believed, due to a hydroxyl group in the meta position
;

the 'para monosulphonic acid is green whilst the ortho monosulphonic*

acid, on the contrary, is blue and resistant to alkalis.

* D.R P, 65952 : E.P. 8269/92.
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To the knowledge of these facts are largely due the more recent

syntheses of colouring matters of the Patent Blue Class.

Chlorine or nitro groups, or two methyl groups ortho to the methane
carbon, exert a similar effect ; in the latter case the methyl groups may
be present in different nuclei.

Most of the recent dyes of the Patent Blue class are therefore pre-

pared with the aid of o-sulphobenzaldehyde :

/SOH3 (2)

C6H4(
\CHO (1)

its derivatives, such as the amino-, nitro-, chloro-, etc. compounds, are

also utilized for the same purpose.

Colours, again, derived from hydroxynaphthaldehyde have also

been patented but do not appear to have come into the market.

Another method leading to the production of dyes which contain

a sulphonic group oriho to the methane carbon atom has been devised

by Fr. Bayer & Co. : first tetraalkyldiaminobenzhydrol is condensed

with aminosulphonic acids, which combine with the benzhydrol in the

ortho position to the amino group ; the latter is then replaced by a

sulphonic group,* and the product oxidized to the dye.

Finally, by the sulphonation of tetraalkyldiaminodiphenylmethane

a sulphonic group may be introduced ortho to the methane carbon,

and the resultant monosulphonic acid may be converted in the usual

way, by oxidation with amines, into blue dyes fast to alkali.

The following dyes may be given as examples :

EriogloMcine (Gy.) is prepared by first condensing o-sulphobenzalde-

hyde with 2 mols. ethylbenzylaniline, then sulphonating (in the benzyl

group), and finally oxidizing. Notwithstanding its sensitiveness to

light, this handsome dye has largely replaced its chief competitor,

Cyanol. A similar colour is the Eriocyanine of the same maker, pre-

pared from tetramethyldiamino-diphenylmethane-monosulphonic acid

and benzylated aniline (or its sulphonic acid). Eriochlorine is a

mixture of Erioglaucine, with a yellow dye.

New Patent Blues B and 4B (By.) are prepared by condensing

tetramethyldiaminobenzhydrol with 1:4- or 1 : 5-naphthylaminesul-

phonic acid, and displacing' the amino group by SO3H (v.s.).

Mention may also be made here of the first green azo dye, Azo
Green, discovered by Bayer & Co. It is prepared by diazotizing m-

amino-tetramethyldiamino-triphenjdmethane, combining the product

with salicylic acid, and oxidizing the resulting leuco base. Its com-

position corresponds to the following formula :

(1) (3) (1) OH (4;

(>|-C6H4N=N-C6H3CO (3)

' -C6H4N(CH3)2
j-C6H4=N(CH3)2

* This may be effected by Gattermann's reeiction : it is diazotized, the diazo

group replaced by the sulphinic acid group (SO2H) by treatment with sulphurous

acid and copper, and the sulphinic group oxidized to the sulphonic group.
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The chrome lake of this dye is used as a very vivid green for printing

wall-papers.

The Glauconic Acids (0. Doebner) should also' be classed with

the basic triphenylmethane colours. These are bluish-violet dyes (not

found in commerce), obtained by the successive action of pyruvic acid

and formaldehyde on aromatic primary amines, followed by the oxida-

tion of the resulting leuco compound, e.g. :

2CH3.CO.COOH+C6H5NH2 =
Pyruvic acid.

/ CH.CH3
^^^^

J.TT +2H2O+CO2CH
C ^

COOH
Dihydromethylcinchonic acid.

/ CH.CH3
CH2(OH)2+0+3C6H4 I

COOH

/NH\
/ CH.CH3 ,-r ^CH= CeHs I

+3H2O
\ CH
\C^

~
COOH "

Hydroglauconic acid.

When warmed wjth alkalis, hydroglauconic acid is converted (by

oxidation), into glauconic acid :

HO-CE

/NH\
/ CH.CH3

CeHs I

\ CH
\C^

COOH

AURTNES OR ROSOLIC AciD DyES.

As far back as 1834 the formation of a colouring matter from phenol
was observed by Runge, who also found that it was capable of yielding

very handsome lakes. This substance was Rosolic Acid, which is thus

one of the oldest artificial dyes.

In 1861 Kolbe and Schmidt on the one hand, and J. Persoz on the
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other, discovered independently a method for preparing the dye by
heating phenol with oxahc acid and sulphuric acid. For the clearing

up of its constitution we are indebted to those same researches which
established .the constitution of Rosaniline. As soon as it was recognized

that Rosaniline was the triamino derivative of triphenylmethane, its

conversion into Rosolic acid, by replacing the amino groups by hydroxyls,

sufficed to identify the latter dye as a trihydroxytriphenylmethane

derivative (Caro, Wankhm). Its degradation to di-|>-hydroxybenzo-

phenone by Liebermann, and the proof of the positions of the amino
groups in Rosaline (q.v.) accomplished in a similar way, aided in

the construction of its constitutional formula.*

A certain confusion has arisen in the nomenclature of Rosolic acid,

inasmuch as the same name—Rosolic acid or Aurine—is frequently

applied to two different substances, which are related to one another,

as is Pararosaniline to Homorosaniline.

Aurine, which on account of its analogy with pararosaniline is

also named Pararosolic acid, corresponds to the formula:

(1) (4)

-C6H4OH / 1

—C6H4OH whilst Rosolic acid I

(1) (4) . I I=C6H4=:0 \J

CH3
-C6H40H
-C6H40H
-C6H4=0

is 'derived from Homorosaniline, '

Aurine and Rosolic acid are known only in this anhydrous form and
as leuco compounds

:

C6H4OH
C6H4OH

J
\h

no carbinol
C6H4OH

-O6H4OH
-C6H4OHc

i-CeHiOH

analogous to the Rosaniline • base is known, but the triacetyl-aurine

prepared by Herzig is a derivative of it.

In the preparation of Aurine by heating phenol with sulphuric and
oxalic acid, the latter is decomposed into carbon dioxide, which supplies

the methane carbon necessary for the formation of Aurine :

c
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proved that, when pure phenol is used, the product of the reaction

—

crude Aurine or Coralline—also contains two additional dyes, together

with two colourless isomeric substances having the composition of an
Aurine oxide. The process is still more complex when impure phenol,

containing o-cresol, is used in the reaction.

Probably the best method of preparing pure Aurine dyes is by the

aid of formaldehyde (analogous to the New Magenta process).

The only use made of Aurine as a dye is in the form of its colour

lake for wall-paper printing and paper-staining. Owing to its sensitive-

ness to alkalis, it is employed—under the name of Rosolic acid—as

an indicator in analytical chemistry. Aurine is poisonous.

Whilst the study of the triphenylmethane dyes has borne such

rich fruit in the Rosaniline and Malachite Green groups, in the Rosolic

acid group there were until recent years few advances of importance.

In the early days of the coal-tar colour industry, Marnas (of Lyons)

prepared dyes by heating Aurine with ammonia and aniline, and these

products were very popular for some time. The product in question

is termed Peonine or Red Coralline, and probably consists of the Rosolic

acid salt of Rosaniline, formed by the partial substitution of amino
groups for the hydroxyls of Aurine. It is also named Coralline, for

short, and is still used, to a limited extent, for the production of a vivid

red in cloth printing.

Azuline, produced by heating crude Aurine or yellow Coralline

with aniline, is a very impure Rosaniline Blue, and has gone out of use.

J. Ville has prepared red dyes, termed Rhodazines, by acting upon
Rosolic acid with phenylhydrazine, but they are without any technical

importance.

After a period of inactivity in the Rosolic acid group, Dobner,

in 1878, prepared certain colouring matters, which he termed Benzeines,

by the condensation of benzotrichloride with phenol, cresol, pyrogallol,

naphthol, etc. The product from phenol is Benzaurine :

C
— CeHs
-C6H4OH
= C6H4=

The dyes have not, however, any practical interest.

Endeavours have been made to achieve technical progress in this

group by the preparation of hydroxyaurines and aurinecarboxylic

acids. These compounds are obtained by the condensation of form-

aldehyde with phenols and hydroxy-acids, after the manner of the

New Magenta process, e.g. :

:
C6H4

":+ C6H4CHo:

Formaldehyde. Phenol. Dihydroxydiphenylmethane.

Vj-Cel

itOH y^-CeHiOH
HOH = I '=H2 +H2O

CeHiOH

C-CeHiOH /^-C6H40H
= H2 -fC6H50H+02 - f '-C«H40H+2H20
-C6H4OH \^:=.C6H4-0

Aurine.
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In this way, Sandmeyer prepared compounds from pyrocatechol

and pyrogallol having respectively the following formulae :

/OH and I ! /(0H)2
J=^Cem=0 VJ=C6H2=0

whilst the little-used dye, Chrome Violet,* identical with Bayer's

Chrome Rubine, was prepared by R. Geigy with the aid of salicylic

acid

OH n
CeHa-COOHj:

-C6H3(COOH)=c
They are all mordant colours, whilst Resaurine, prepared by Nencki
and Schmidt with the aid of resorcinol, does not possess such properties.

Of recent years a series of hydroxy dyes of the triphenylmethane

series have been patented, which belong to the carboxylated Rosolic

acid series, and are therefore mordant dyes, showing increased

resistance to washing owing to the subsequent lake-formation on the

dyed material. Their fastness to washing is therefore good, but the

resistance to light is poor, as in the case of all the dyes of the triphenyl-

methane class. The dyeings obtained are characterized by their vivid

shades.

Thus, Geigy & Co., for instance, prepare a series of chrome colours,

suitable for wool dyeing and cotton printing, by condensing ortho-

halogenated, sulphonated or nitrated benzaldehyde with salicylic acid,

o-cresotinic acid, etc. The leuco compounds first obtained are converted

into the dyes on oxidation. f Eriochrome Cyanine R, obtained by the

condensation of benzaldehyde-o-sulphonic acid with 2 mols. o-cresotinic

acid with subsequent oxidation, has probably the following formula :

COOH COOH

HO-A A=0
CH3—k )—c \y CH

-SO3H

\y
Similar products are Eriochrome Azurol B (Gy.) and Chromaie

Blue G for printing, as also Chrome Azurol S (Gy.), which yields blue

shades with a chrome mordant for calico printing.

Colours belonging to this group have also been patented by Durand
and Huguenin,{ and by the Gesellschaft flir Chemische Industrie in

Basle.

§

* Not to be confused with another dye of the same name from Michler's hydrol

and salicyHc acid (cf. p. 206).

t D.R.P. 189909, 189938, 199943, 213502 ; E.P. 15204/07.

X Swiss Pat. 39844, 39903. § U.S.P. 887620 ; Fr. P. 391221.
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The Farbenfabriken vorm. Fr. Bayer & Co., in particular, have

made a number of dyes of this class, the shades of which vary from

red-violet to blue, and have placed them on the market as Chromoxane
dyes for wool dyeing and cotton printing.

A considerable number of combinations are obviously possible by
modifying the aldehyde or its substitution products which serve as

the starting-point. For example, every possible hydroxyaldehyde,

aldehydehydroxybenzoic acid and di- or poly-hydroxynaphthaldehyde

may be combined with phenols and hydroxycarboxylic acids of the

benzene and naphthalene series. In addition halogenated, sulphonated,

nitrated, etc., starting materials maj^ be used.

Chromable acid dyes of the diphenylnaphthylmethane class may
be obtained in this manner from 2-hydroxy-l-naphthaldehyde-3:7-

disulphonic acid and o-hydroxycarboxylic acids with subsequent

oxidation.*

The combination mentioned yields red to reddish-violet dyes,

whilst that from 4-hydroxybenzaldehyde and o-cresotinic acid dyes

orange-red shades from an acid bath which become red upon
chroming.

Recently it has been found that tetrachlorbenzaldehyde (obtained

by chlorinating toluene in presence of FeCb and under the action of

ultra-violet rays),t when condensed with o-cresotinic acid, yields a

leuco compound which oxidizes to a greenish-blue dye of great

intensity and fastness. J Again, chlorinated aldehydes derived from

xylenes may be condensed with o-cresotinic acid and the resultant

leuco compound oxidized to dyes affording brown-red shades on wool,

which on chroming are converted into bright violet-blue dyeings very

fast to washing and milling. §

Numerous other methods have been patented for the production

of after-chromable dyes of this type. For instance, unsymmetrical

derivatives may be prepared by condensing 39-chlormethyl- or jp-

hydroxymethyl-o-cresotinic acid with mono- or di-alkylated amines

to form unsym. diphenylmethane derivatives, such as ^-methAdene-

diethylaniline-o-cresotinic acid :

(C2H5)2N
<^

)>-CH2-<^ y -COOH

CH3 OH

oxidizing the latter by means of nitrosylsulphuric acid to the corre-

sponding hydrol and then condensing this with aromatic hydroxy-

carboxylic acids or naphthol sulphonic acids. The products dye wool

in red to violet shades from an acid bath which become reddish-violet

to greenish-blue on chroming.
||

After-chromable diarylanthraquinonylmethane dyes have been

prepared from anthraquinone aldehydes and hydroxybenzoic acids

yielding green to blue shades upon wool in chroming.^

* D.R.P. 216305, 216686, 223462, 223463, etc.; E.F. 14311/09.

t E.P. 16317/14 (Cassella). % E.P. 13970/15.

§ E.P. 114645.
II
D.R.P. 245769 (Gy.). ^f

D.R.P. 258517.
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It has also been found possible to prepare chromable dyes by con-

densing ^-aminobenzaldehydes with o-hydroxybenzoic acids and
oxidizing the resultant leuco compound. The corresponding js-nitro-

benzaJdehydes may, of course, also be used with subsequent reduction

of the nitro group.*

Further, methylene disalicylic acid may be used as the starting-

point, or the formaminocarboxj'^lic acid obtained therefrom by oxida-

tion, by condensing with amines to form leuco compounds which can
then be converted into the dyes.f In this way mixed derivatives

are formed.

It is probable that the various dyes such as Chromoxane Violet

B, R, 5B and Chromoxane Blue (By.) are prepared in this way. The
corresponding D marks (BD, RD, 5BD) are intended for use with a

chrome mordant in calico printing ; the shades obtained with them
are brilliant but fugitive to light, and can be discharged by means of

hydrosulphite.

The colour-making firms already mentioned also manufacture after-

chromable azotriphenylmethane dyes by diazotizing aminobenzal-

dehyde, coupling with an azo component, combining the azo dye so

formed with 2 mols. of an hydroxycarboxylic acid and then oxidizing. {
Or the process may be carried out by first condensing to an Aurine

derivative, then diazotizing, coupling with an azo component and
oxidizing. § In this way a large number of combinations are possible

;

the colours produced dye wool j'^ellowish to red shades from an acid

bath : after development with chrome deep green to dark blue and black

shades are obtained.

The condensation of oxalic acid with resorcinol has been studied

l^y various investigators. The course of the reaction depends entirely

upon the conditions of the reaction and leads in all cases to yellow

colouring matters which are devoid of technical value.

Mention may also be made of PittaJcal, obtained by Reichenbach

in 1835 by treating beechwood tar creosote with alkalis. It was
investigated later in detail by C. Liebermann, who termed it Eupittonic

acid, and was shown to be a hexamethoxyaurine, derived from pyro-

gallol. On hydrolysing it Eupittonic Black is obtained which con-

tains nine hydroxyl groups. A hexamethoxy-jo-rosaniline has also

been prepared from Eupitton by heating with ammonia, which dyes blue

shades, thus showing in an interesting manner the influence of the

methoxy groups.

* DR. P. 277993, 279733.

t D.R.P. 223337; Fr. P. 411306; E.P. 1411/10.

X D.R.P. 226348 ; E.P. 2394/10. § D.R.P. 223879 ; E.P. 2394/10.
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Several classes of colouring matters are included in this group,

the members of which are all derived from Xanthene *
:

\CH2

a substance which may be regarded as the anhydride of 2:2'-dihydroxy-

diphenylmethane :

The dyes of this class are all related closely to the oxygenated

products :

/\ / \/\ /X/Ov
and

CO''
Xanthone.

TT OTT
Xanthydrol (xanthanol).

being derived more especially from the latter compound, which possesses

weakly basic properties as is shown by the formation of a coloured

double salt with ferric chloride. This salt must probably be considered

to be an oxonium salt, with tetravalent oxj'gen, corresponding to the

formula

:

p.

/Y^^/^

I

H
Xanthonium chloride.

the coloured nature of which is best indicated by the above quinoid

structure, f

* According to A. v. Baeyer they should, more correctly, be termed xanthancs
[Ann. Chem., 372, 98 (1910)].

•j" Its formulation as a carbonium salt with A. v. Baeyer's " carbonium valency "
:

O

;
c

/\
H CI

appears to be less probable; cf. Kehrmann, Ann. Chem., 372, 307 (1910).
215
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By the introduction of NH2 or OH groups in the ])ara position

to the methine group the following parent substances are obtained :

CI CI

and

I

H
Aminoxanthoniiim chloride.

I

H
Hydroxyxanthoniiun chloride.

Their salts correspond to the anhydro compounds, which may be

obtained from the hydrochlorides :

/VOv^/NH /^\yO%

and

I

H
K/^cf

Anhydro -aminoxanthonium . Anhydro-hydroxyxanthonium.

All these compounds may also be given the older 2?-q.uinoid formulae,

as in the case of the triphenylmethane dyes :

/V0\/X^NH.HCl

I

H
Formofluorine hydrochloride (corresponding

to aminoxanthonium chloride).

/0\ NH

I

H
Formofluorine.

and the hydroxy compound

/VO\/\^o

H

Despite the somewhat strange fact that salt formation is regarded

as taking place at the oxygen atom, although an amino group is present

(oxonium theory), the majority of dye chemists accept the new ortho-

quinoid formulation, which has the further advantage of showing

the analogy with the azine dyes, which we shall consider later, and for

which the orthoquinoid formulation is now fairly generally admitted.*

In what follows we shall therefore adopt exclusively this method of

formulation (cf. also the. section on " The Constitution of the Phtha-

leins " at the end of the chapter, p. 235).

* Cf. However, F. Kehrmann, Ann., 414, 131 (1918).
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For the most part the technical dyes are derived from the parent

substances by the introduction of a further auxochrome group (OH,

NH2, N(CH3)2, etc.), para to the ^CH group and by the substitution

of the hydrogen of the methine group by aliphatic or aromatic radicals.

The most convenient classification of this group of dyes is as follows* :

I. Fluorone Dyes.

1. Fluorones.

2. Phthalems.

II. Fluorine Dyes.

1. Pyronines.

2. Succineines,

3. Rosamines.

4. Rhodamines.

The majority of xanthene dyes are characterized by the strong

fluorescence of their solutions, which is attributed to the presence of

the pyrone ring f :

Fluorones.

According to Nencki and Sieber,J an hydroxymethylfluorone (acet-

fluorescein) :

CH3

is produced, together with a second product of unknown composition,

by heating a mixture of resorcinol, glacial acetic acid and zinc chloride.

More conveniently it is obtained, according to Kehrmann and Jones,

§

from resacetophenone, resorcinol and stannic chloride, the tin chloride

double salt being first formed.

By the action of nitrous acid upon hydroxymethylfluorone a nitroso

derivative is formed which is hydrolysed by the action of dilute caustic

* C£. Mohlau and Bucherer, Farbenchemischea Praktikum (Veit & Co.,

Leipzig, 1908).

f Cf. J. Formanck and E. Grandmougin, Spektralanalytischer Nachweis kiinst.

org. Farhstojfe, Band I. 8 (Springer, Berlin, 1908).

% Journ. J. prak. Chem. (2), 23, 54.

§ Ann. Chem., 372, 345 (1908). ^
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soda into 3 : 6-dihydroxyxanthone and hydrocyanic acid.* By reduc-
tion of the xanthone, hydroxyfluorone is readily obtained :

H0\/-\.0^,

which is the parent substance of the group.

Its dilute aqueous solutions are orange-yellow and exhibit an
intense green fluorescence which is fully equal to that of Fluorescein.

According to Mohlau and Koch,t hydroxyfluorone may also be
prepared from formaldehyde and resorcinol ; methylenediresorcinol

is first produced (tetrahydroxydiphenylmethane) which is said to be
converted into dihydroxyxanthene by elimination of water and then
into hydroxyfluorone (formofluorescein) by oxidation. This observa-
tion has not, however, been confirmed by later investigators. J

The simple Fluorones do not possess any practical interest from
the dyeing standpoint, nor do the Benzeins derived from them by
replacement of the methine, (CH), hydrogen atom : e.g. Resorcinol-

benzein :

H0\/^.0^/\/0

CeHs
(cf. also p. 212).

By condensing succinic anhydride with pyrogallol, v. Georgievics

obtained pyrogallolsuccinein, which is a violet mordant dye having
many points of resemblance to Gallein.

The PhthaleIns,

Ad. Baeyer found in 1871 thsit when phthalic anhydride is heated
with phenol in presence of a dehydrating agent such as zinc chloride,

sulphuric acid, tin tetrachloride, etc., they condense to give a product,

the method of formation and constitution of which may be expi'essed

by the equation :

^«^NGa/^+C6H4:H
^H ^ CeH,/C0.0 ^H.OOH

^C
C6H4OH

Phthalic anhydride. Phenol. \C6H4OH
Phenolphthalein.

* Cf. also R. Meyer and Conzetti, Ber., SO, 971 (1897).

t Ber., 27, 2887 (1894).

% Kehrmann, Ann. Chem., 372, 303 (1910).
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This product, Phenolphthalein, is the first representative of a whole
group of compounds, to which the name Phthaleins has been given.

With some phenols the combination with phthalic anhydride takes
place, as in the case of the formation of phenolphthalein, on heating
to a temperature of 100-120° C. in presence of dehydrating agents,

for example, o-cresol and orcinol

:

/CHs (1)

CeHaOH (3)

\0H (5)

behave in this manner ; other phenols combine with phthalic anhydride
on being simply heated to 200° C. withoiit the necessity of having a

'

dehydrating agent present, e.g. resorcinol and pyrogallol.

The condensation between phthalic anhydride and phenol occurs

at the para position of the two phenol molecules. To a small extent
a subsidiary ortho condensation also takes place, the result of which,

however, is not a j>ara-phthalein, but an anhydride of o-phenolphtha-
lein :

CO
C6H4/ )0 CeH/ ^O

c
-C3

\o

Phenolphthalein. o-Phenolphthalein anhydride (Fluorane).

The general rule is that only such phenols as contain unoccupied

jpara positions furnish j^ara-phthalems, those with the para positions

occupied giving anhydrides. Thus, for example, o-cresol gives a true

phthalein, but p-cresol an anhydride. Grabowski obtained an a-

naphtholphthalein from phthalyl chloride and a-naphthol.

A closer examination of the formula of phenolphthalein indicates

that it is also a triphenylmethane derivative, and may, in fact, be

regarded as the anhydride of a dihydroxj^triphenylmethane carboxyjic

acid, corresponding to the formula :

C:
-C6H4OH
-C6H4OH
-C6H4CO
-^0/

Consequently, the phenolphthalein formed by the reduction of an
alkaline solution of Phenolphthalein with zinc is, therefore, entirely

analogous to the leuco bases of the triphenylmethane dyes, and has

the formula

-C6H4OH
-C6H4OH
-C0H4COOH

\H
C;

The triphenylcarbinol-carboxylic acid, or its anhydride, which

may be considered as the parent substance of the phthaleins, has been
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isolated by Friedel and Craflfts, by heating phthalyl chloride with
benzene in presence of aluminium chloride, and has received the name
of phthalophenone :

CO
CeHiC^. yo +2HC1C„H<™>0

C:Ck:



XANTHENE DYES 221

droxynaphthalene is dark red but dissolves in alkalis to a deep greenish-

blue.*

Thymolsulfonephthalem is of considerable interest in analytical

chemistry as it shows two distinct colour changes at different concen-

trations of hydrogen ion, altering from magenta to deep yellow and then

to deep blue. By the use of this indicator it is possible to estimate

mixtures of strong and weak acids such as acetic and sulphuric, etc.f

The first commercial dye of this group to be made was prepared

by heating phthalic anhydride to 200° C. with resorcinol (Baeyer).

In this reaction a condensation product is first formed from 1 mol.

phthalic anhydride and 2 mols. resorcinol, but this i|^ immediately

converted, by intramolecular loss of water, into the actual dye

Fluorescein :

/C0\
C6H< .)0 +

Phthalic anhydride.

CeHs
OH(i)
OH (3)

OH(i)
OH (3)

Resorcinol.

/COv
CcH4^ ^0 0H+H2O

C—CeHsOH
OH

—C6H3OH

C6H4/ po Qj£

—

iij.0 = C6H4^ ^0

c
-C6H3 H

—CeHs-OH
OH

C:

-C6H3OH

)0
-CeHaOH

H2O

Fluorescein.

But, in accordance with the strong dye character of Fluorescein,

a quinoid formula must be attributed to it :

HO

/\^COOH

\y
the proof of which will be given later.

* D.R.P. 275897; O. Fischer and E. Koenig, Ber., 47, 1046 (1914).

t A. B. Clark and H. A. Lubs, J. Am. Chem. Soc, 40, 1443 (1918).
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Similar internal condensation products also occur with the other

phthaleins, so that, in accordance with the suggestion of Richard

Meyer, the substance

C6H4<^ )0

C: -C6H4/

may be regarded as the parent substance of the dyes of this group.

We have already become acquainted with this substance as the 0-

phenolphthaleSn anhydride obtained as a by-product in the preparation

of phenolphthalein. R. Meyer proposed the name Fluorane, in order to

indicate its close connection with Fluorescein and the dyes derived

from this latter. According to this scheme, Fluorescein would be a

dihydroxyfluorane of the following constitution :

/C0\

C-CDoH
>^

though it still remains to be shown that, in the formation of Fluorescein,

the addition of the phthalic anhydride really occurs in the para position

to one, and the ortho position to the other, of the hydroxyl groups of

the resorcinol. That this is so will be shown in the case of Eosine

iq.v.).

When fluorane is distilled with lime it is decomposed into xanthone,

and benzoic acid, CeHsCOOH.
Fluorescein dissolves in alkalis, to give a reddish-yellow solution

with beautiful pale green fluorescence, to which property it owes its

name. The tinctorial power of such a solution is extremely great,

1 part of Fluorescein being sufficient to impart a distinct green fluores-

cence to 40,000,000 parts of water. As a dye it has no value whei\

used alone, its dyeings being to6 fugitive ; but occasionally the

potassium (or sodium) salt is used, under the name Uranine, for the

production of brilliant sulphur-yellow shades in dyeing silk and
printing wool.

When treated with reducing agents, Fluorescein is i^onverted into

the colourless Fluorescine, just as Phenolphthalein is changed into a

leuco derivative.

By the action of ammonia on dinitrofluorescein, Reverdin obtained

a pure yellow dye, said to be faster than Fluorescein.

Gilliard, Monnet and Cartier have prepared thionated fluoresceins ;

thus, when dichlorofluorescein is treated with sodium sulphide, a
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colouring matter is formed, the bromine and iodine derivatives of which

dye violet shades {Cyclamines).*

A Naphthofluorescein (By.) has be3n prepared from 1 : 3-dihydroxy-

naphthalene, but is devoid of any technical value.

Of far greater importance than Fluorescein itself are the dyes

derived, and in part prepared, from this substance. These may be

grouped under the name '"'' Eosines,^^ and will now be described.

It was found by H. Caro in 1874 that Fluorescein is readily capable

of absorbing bromine, being thereby converted into a red dye, to which
its discoverer gave the name of Eosine {Eos, the flush of dawn), on
account of the brilliant beauty of its dyeings on silk. In spite of its

initially very high price —about £20 per lb.—it immediately found
employment for dyeing silk. At the same time, it led the way to the

production of a whole series of colours, all of them characterized by
incomparable beauty and fluorescence, but which are deficient in

fastness.

Eosine is the alkali salt of tetrabromfluorescein, and has the

formula :

Br I Br I

NaO\A^O^A /O .

Br/xAc^XX^Br
As/COONa

It is prepared by suspending Fluorescein in alcohol and treating it

with the requisite quantity of bromine, the product separating out

after a time. In order to utilize the hydrobromic acid evolved during

the reaction it is oxidized back to bromine by means of sodium chlorate

and a little copper chloride, and so made use of in the process. Other
products, containing less bromine, are also prepared, and the yellow-

ness of shade is inversely proportional to the amount of bromine present.

This is easy to understand when it is remembered that it is owing to

the introduction of bromine into the molecule of Fluorescein that the

yellow colour of the latter is changed into red.

The position of the hydroxyl groups and the bromine atoms in

Eosine was determined in the following manner : By splitting up
the molecule of Eosine with boiling caustic soda, in the manner shown
by the line drawn through the subjoined formula :

/C0\
C6H4 o

\ /

c
Br>

-iCeH^OH> -

CeH.OH
Br2

* Cf. also Rich. Meyer, " Schwefelverbindungen der triphenylmethanfarbstoffe,"
Ber., 33, 2570 (1900).
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A. Baeyer produced a dibromodihydroxybenzoylbenzoic acid :

C6H4
COOH
CO.C6H.(OH)2Br2

in which the hydroxyl groups arid the bromine atoms must necessarily

have the same position as they occupy in Eosine. G. Heller then

succeeded in converting this acid, with elimination of water (by the aid

of fuming sulphuric acid), into a known dibromodihydroxyanthra-

quinone (dibromoxanthopurpurine), which only appears possible if the

hydroxyl groups and the bromine atoms have the following positions :

Br Br

-CO;OH Hj/XOH

\y CO \J^r
-H'O

—CO—/\—OH
-CO—V—Br

OH
Dibromodihydroxybenzoylbenzoic acid.

OH
Dibromoxanthopurpurine.

This, however, only proves the constitution of the one resorcinol

radicle, which has been split off from the Eosine, by alkali, as dibromo-

dihydroxybenzoylbenzoic acid. That the second resorcinol radicle

must also have the same constitution has been shown by Richard Meyer,

by means of a simple and ingenious experiment : he heated the above-

named dibromodihydroxybenzoylbenzoic acid to a temperature above

its melting-point, and thereby obtained phthalic acid and Eosine, the

formation of which can be seen from the equations :

I
Br Br

-COOiH^ 1 /C0\ y 1

C6H4_cO--<^ ^-OH = C6H4^^Q+<( y-0^
I—

r

OH Br
\co/

OH Br

CeH4 0-f

^C:0:^

H

H

Br

I I C6H4 gj, -f2H20

.CO.

o;h

OH
Br

Br

-<Z>OH =
Br

I

Br
Br

<^ -OH

Br
Eosine.

This, of course, also proves the position of the hydroxyl groups in

Fluorescein.

Still more handsome, and at the same time faster, than Eosine are

its ethers, e.g. :
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Spirit Eosine, Eosine S, Primerose a Valcool (DH), etc., the

IJotassiam salt of tetrabromfluoresceiin ethyl ether.

Eosine Scarlet, Eosine BN, Safrosine., is the sodium salt of a

dibromdinitrofluorescein.

Erythrosine, Primerose soluble (DH), etc., is the iodine derivative

of Fluorescein corresponding to Eosine.

An octaiodofluorescein (tetraiodoerythrosine) has also been pre-

pared.*

If the preparation of Eosines be undertaken from dichlorophthalic

acid, the products are of bluer tinge and finer even than the Eosines

themselves. E. Noelting was the first to prepare them in this manner.

A fact of theoretical interest in this connection is that the introduction

of chlorine or bromine into the phthalic acid radicle of Fluorescein

does not effect an alteration in the properties of the resulting dye
nearly as much as substitution in the resorcinol radicle. Thus, for

instance, Eosine differs fairly considerably in properties from its parent

substance Fluorescein, whereas the tetrabromfluorescein from tetra-

bromophthalic acid :

C0\
Cr,Br4- yO

C—
C6H.3OH

—CeHaOH

is very similar to fluorescein.

The following are the most important dyes of this class :

Phloxine is the potassium salt of dichloroeosine, i.e. a dichlor-

tetrabromfluorescein of the formula :

Br
I

Br
I

KO\/VOV\/0

Br/Xy^C^X/VBr

C1\/\^C00K

CI

Its methyl and ethyl ethers are called Cyanosine,

Rose Bengale is the tetraiodo derivative corresponding to Phloxine.

It, therefore, stands in the same relation to Phloxine as Erythrosine

does to Eosine. It is a beautiful bluish-red dye.

The Eosines are acid colours, largely used for the production of

delicate pink shades, chiefly on silk. They have also been used for

wool, and to some extent for calico printing, being, in the latter case,

advantageously fixed with chrome, according to the recommendations

* Pratt, Coleman and Perkins, J. Am. Chem. Soc, 40, 198, 236 (1918).

9
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of the Farbwerke vorm. Meister, Lucius und Brtining, They, there-

fore, possess the property of forming colour lakes with mordants.

Dyeings on silk exhibit fluorescence. Their chief use is in the

manufacture of colour lakes and for dyeing paper.

After-chroming dyes of practical interest have been obtained in

the Phthalein group ; thus o-hydroxynaphthoyl-o-benzoic acid con-

denses with pyrogallol to yield a dye :

I
OH

I

0\/'YOy\/

X\/COOH

which affords green dyeings with a chrome mordant.*

Pyronines.

Pyronine G was first prepared from formaldehyde and dimethyl

-

7w-aminophenol by A. Leonhardt & Co. These two substances, according

to Biehringer's researches, combine first, in the presence of hydro-

chloric acid, to produce tetramethyldiamino-dihydroxy-diphenylmethane

in the normal manner (cf. New Magenta process) :

H

H+
CeH;

CeH;

N(CH3):i

OH
OH
N(CH3)2 t

\H

-CoHsg^JHs).

OH +^^^
'N(CH3)2

Formaldehyde. Dimethyl-m-amino-
' phenol.

Tetramethyldiamino -

dihydroxy-diphenylmethane.

On warming this product with concentrated sulphuric acid, it is

transformed into the colourless anhydride :

H
C6H3N(CH3)2

—C6H3N(CH3)2

\H

which on oxidation in hydrochloric acid solution loses hydrogen and

forms the dye known as Pyronine :

* D.R.P. 290508 (Gy.).
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CI

(CH3)2Nv/VO^/\/N(CH3)2

I

H
Tetram3thyldiamino-xanthomurQ chloride (Pyronine),

The Pyronines are more or less yellow to bluish-red fluorescent

dyes, the chief value of which is for dyeing cotton with the aid of tannin.

The dyeings resemble those of Magenta, but show greater fastness.

On oxidation the Pyronines, like the Rhodamines, are converted,

with elimination of methyl groups, into more yellowish dyes, e.g,

Acridine Red B, 3B, etc.

Dyes similar to Pyronine have also been obtained by the condensa-

tion of chloral with dialkyJ-m-aminophenol. Leuco bases are first

formed which yield red dyes on heating and oxidizing. Blue dyes
are formed intermediately which still contain two hydroxyl groups

;

on heating, water is eliminated with formation of a pyrone ring.

Lastly, certain sulphurized dyes belong to this group which were
obtained by R. Geigy & Co. by the action of sulphur sesquioxide (S2O3)

upon diaminodiphenylmethane derivatives dissolved in concentrated

sulphuric acid. According to the patent specification * its constitution

is given by the following formula :

CI

(CH3)2N\/^/SV\

I

H

/N(CH3)2

These dyes differ only from Leonhardt's Pyronines in that the

oxygen atom of the latter is here replaced by sulphur.

The parent substance of these compounds, the simplest Thio-

pyronine :

CI

H2N\X\/S^/\ /NH2

\C^\/
1

H

has recently been prepared by Kehrmann and Lowy,f by heating

* D.R.P. 65739 (Geigy & Co.).

t Ber.. 45, 290 (1912).
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diacetylaminodiphenylmethane with sulphur sesquioxide, and sub-

sequent hydrolysis.

Both the Pyronines and Thiopyronines react with alkali cyanides

to yield cj^ano derivatives possessing considerably deeper colours than

the original dyes. In the case of Pyronine chloride, for instance, the

following reactions occur :

CI

(CH3)2N\

Pyronine (Red).

/N(CH3)2 (CH3)2N\/\/0^/\/N(CH3)2

H CN
Colourless leuco product.

CI

(CH3)2N\/\^OyX/N(CH3)2

\Ac^\/
CN

Greenish-blue.

the product being a basic colour dyeing tannined cotton and silk

greenish-blue shades similar to Capri Blue.*

On heating these dyes with caustic soda colourless xanthones are

formed which on reduction form dyes by the union of two mole-

cules,! e.g.

CI CI
I

(CH3).N\X\^OyX/N(CH3)2 (CH3)2N\/\^Oy\/N(CH3)2

xAc\/ \Ac\/
I I

•

Bis-pyronine (Violet).

SuCCINEifNS.

The synthesis of Pyronine by means of formaldehyde leads first

to the formation of xanthene derivatives, which must then be oxidized

to a xanthhydrol compound, but dyes may also be obtained direct

from dia.lkyl-m-aminophenols by condensing them with an acid, or

with acid derivatives.

Thus by melting together succinic anhydride and dimethyl-m-

* D.R.P. 274358 ; P. Ehrlich and L. Benda, Ber., 46, 1931 (1913) ; J. v. Braun
and E. Aust, Ber., 49, 989 (1916).

t Ehrlich and Benda, I.e.
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aminophenol, Rhodamine S (By.) is obtained according to the following

equation :

(CH3)2N\/VO^H HO|\/\/N(CH3)2

'

ii"'

C

CH2—CH2—CO

(CH3)2N\/VOV\/N(^H3)2
o

VAc^X/ /
CH2—CH2—CO

The dye may also be obtained from the corresponding oxygen
compound—the resorcinol-succinein prepared from resorcinol and
succinic anhydride—by heating with dimethylamine under pressure.

Other dibasic acids which form anhydrides may be used in place

of succinic acid, such as maleic acid, citraconic acid, etc. Dyes of a

similar character are thus obtained but have no technical value. The
particular acid used plays quite a subordinate part as regards the nature

of the dye. This was also noted to be the case with the phthaleins,

where the introduction of halogens into the phthalic acid radical has

relatively little effect (cf. Tetrachlorfluorescein and Fluorescein).

ROSAMINES.

Rosamines are formed, according to Heumann and H. Rey, by
the action of benzotrichloride upon alkylated m-aminophenols as

indicated by the equation :
i

(CH3)2N\/\/0%/\/N(CH3)2

+2HCI+H2O
'\/^C^'

C6H5.CCI3+2C6H
OH

Nn(CH3)2

Identical dyes were obtained by I'r. Bayer ci Co. from benzaldehyde
and dialkylated m-aminophenols :

CeHsC^^ +2C6H ./
OH ^CeHs

^\NR5
= CeHs— C<

/NR2
\0H

+H2O
H XT /OH

^^^\NR2
Tetraalkyldiamino-dihydroxy-triphenylmethane.

The resultant condensation product is transformed into the dye by

removal of water and oxidation.
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Rhodamine 5G (By.) is made in this way from o-chlorbenzaldehyde

and o-methylamino-^^-cresol.*

The Rosamines have similar properties to the Pyronines. They
have found but little practical application, as they offer no advantages

over the Rhodamines, which we shall next consider.

Rhodamines.

After a long period of stagnation in the further development of

the Eosine group, the important discovery was made by Ceresole, in

the laboratories of the Badische Anilin- und Soda-Fabrik, that m-amino-

phenols, also, are capable of condensation with phthalic acid, and
that this method furnishes dyes which are quite as beautiful as the

Eosines, but of greater fastness and tinctorial power. Furthermore,

in contrast to the acid Eosines, they exhibit a basic character, and can,

therefore, be used for dyeing tannined cotton. The first member of

this class was put on the market by the above-named firm in 1887,

under the name of Rhodamine. Its appearance aroused considerable

interest, and it met with a cordial reception from cotton dyers, since it

enabled them to produce handsome pink shades on cotton, with the aid

of tannin—or still better, with Turkey Red oil and aluminium acetate as

fixing agents ; whereas hitherto they had been obliged to content them-

selves with the unsatisfactory lead lake of Erythrosine. Subsequently,

Rhodamine also proved itself a valuable colour for wool and silk.

The formation of this dye can be expressed, in a similar manner to

the production of the phthaleins, by the following equation :

-N(C2H5)2 (1)

OH (3)

OH (3)

-N(C2H5)2 a)

Phthalic anhydride. Diethyl-m-aminophenol.

C«H4(^ \0
. -f2H20

" -CbH3N(C2H5)2

/GOv CeHj

a >«
'—C6H3N(CH2H5)2

which is then converted into the hydrochloride :

CI

(C2H5)2N\/Y^Y^/^(^=^H5).

'\/C00H

Rhodamine B.

E.P 13192/03.



XANTHENE DYES 231

Owing to their insolubility the corresponding methyl compounds
are hardly used at all. The symmetrical diethylrhodamine is also

incapable of practical application owing to its weak basicity ; its ethyl

ester, however (Rhodamine 6G), is of considerable importance (v.i.).

The typical rhodamine from meto-aminophenol and phthalic anhy-

dride can be prepared but has a purely theoretical interest.

Noelting and Battegay proved that the Rhodamines, analogously

to the fluoresceins, contain the amino group para to the methane
carbon atom, by synthesizing a rhodamine from the aminocresol :

NH2

X\/CH3

\/\0H
+

in which the junction with the methane carbon can only be effected

in the position marked +.*
Rhodamine may also be prepared from Fluorescein chloride obtained

by the action of phosphorus pentachloride upon Fluoresceinf (Homolka
'and Boedecker, 1888). On heating the chloride with diethylamine

under pressure the dye is formed :

CI

CK/\, (C2H5)2N\/\.OV"v/N(C2H5)2

+2N<
^(C2H5).

\Ac^\/
+HC1

COOH

\X
In place of diethylamine other aliphatic amines may also be used, as

also ma}' primary and secondary aromatic amines, so that in this

manner a considerable number of rhodamines can be prepared.

By this means the connection is proved between the Rhodamines

and the Phthaleins, whilst on the other hand by treating Rhodamines

wdth alkalies amino-groups are split off and phenolic dyes (Rhodols

or Phthaleins a^re formed, which can be fixed by means of mordants.

With more concentrated soda lye Rhodamine gives a blue alkali

salt, possibly with fission of the lactone ring { :

ONa ,x/% /N(C2H5)2(C2Ho)2N\

C6H4.C00Na
* Bcr., 38, 3518 (1905).

t It may also be obtained directly from phthalic anhydride and m-chlorphenol.

j L. Wacker, Zeitsch. f. Farbenindustr., 6, 201 (1907); A. v. Baeyer, Ann.
Chem., 372, 111 (1910).
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A large number of dyes have been obtained from the rhodamines
themselves, few of which, however, come into commerce. Besides

nitrated rhodamines, derivatives have been obtained by the action

of amines, hydrazines, phenols, etc., upon the rhodamines : in these

cases the reaction appears to occur in the lactone ring.

On heating Rhodamine with acids, or by oxidation, alkyl groups

are removed leading to the formation of more yellowish rhodamines

such as Rhodamine G (triethylrhodamine).

Again, esters of the rhodamines have been prepared by the esterifi-

cation of the carboxyl group ; in this way Rhodamine B yields

Anisoline (Monnet), or Rhodamine SB (B.A.S.F.) of the formula :

CI

(C2H5)2N\/\/0%/X/N(C2H5)2

A/CObC2H5

whilst Rhodamine QG, which is largely used, is the corresponding ester

of diethylrhodamine. The rhodamine esters are characterized by
their greater solubility and increased affinity for textile fibres, especially

cotton.

The two synthetic methods which we have so far examined yield

only symmetrical rhodamines.

Unsymmetrical derivatives may also be prepared in the following

way : by condensing 1 mol. phthalic anhydride with 1 mol. dialkyl-

aminophenol a colourless dialkylaminohydroxybenzoylbenzoic acid

is produced

:

/N(CH3)2
/C0\ /N(CH3)2 /CO-C6H3<;

CeHZ )0+C6H< = C6H< \0H
\C0/ \0H \COOH

On condensing this acid with a second molecule of a meto-aminophenol

an unsymmetrical rhodamine is formed. If we take, for example, 3-

amino-^j-cresol as the second component and esterify the resultant

unsym. rhodamine the product obtained is termed Irisamine G (C.)

or Rhodine SG (I.) :

CI

H2N\y\/0^/X/N(CH3)2

H3C/\/^C^\X
/\/COOCzH.s

\/
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Rhodine 2G (I.), produced in a similar manner, is the ethyl ester of

dimethylmonoethylrhodamine, prepared by the action of dimethyl-

aminohydroxybenzoylbenzoic acid upon monoethyl-m-aminophenol with
subsequent esterification.

The Rhodines afford vivid red shades of admirable purity, which
are satisfactorily fast to washing. They are much used for dyeing
vegetable fibres. By the action of formaldehyde upon Rhodine 3G
the dye Rhodine BS (I.) is obtained which is largely used for dyeing
cotton.

Phthalimide may be used in place of phthalic acid for the synthesis

of benzoylbenzoic acid ; the amide is thus obtained from which the
acid itself is produced by hydrolysis.*

Rhodols.

A series of compounds intermediate between the fluoresceins and
the rhodamines have also been prepared and are termed Bhodols.

Thus a rhodol is obtained from monoresorcinolphthalein and dimethyl-
m-aminophenol :

H!0\/\/OiH HOiv/X/N(CH3)2 0\/\^(K/\/N(CH3)2

/\/COOHA/COOH

\y
Or, again, the dimethylaminohydroxybenzoylbenzoic acid already

mentioned may be condensed with a resorcinol derivative : for example,

Rhodamine 12GM (I.) is formed by condensation with the monomethyl
ether of resorcinol and subsequent esterification of the product ; it

possesses the formula :

CI

CH30\/\/)^/\/N(CH3)2

xAc^^
A/COOCoHs

and gives yellowish-red shades on silk and cotton. If resorcinol-

disulphonic acid be used for the condensation, the product is

Chromorhodine (D.H.), which is utilized in calico printing.

A chlorine derivative can be obtained from Rhodol by the action

of phosphorus pentachloride, in which the halogen may be exchanged for

* D.R.P. 162034 ; E.P. 23198/04.
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alkylamino groups. In this way also unsymmetrical rhodamines may
be obtained.

Rhodamine and Rosamine-sulphonic Acids.

On sulphonating Rhodamine with fuming sulphuric acid rhodamine
sulphonic acids are obtained, which contain the sulphonic group either

in the phthalic acid radical or in one of the other nuclei ; such products

are, for instance. Fast Acid Eosine G (M.L.B.) and Fast Acid
Phloxine A (M.L.B. ), both of which give fluorescent dyeings on wool

from an acid bath.

Rosamine sulphonic acids may be obtained synthetically by con-

densing benzaldehyde-2 : 4-disulphonic acid with 2 mols. diethyl-m-

aminophenol to form a leuco-rosamine-sulphonic acid :

(C2H5)2N\/VOiH HO X\/N(C2H5)2

H O H

C-H
/X/SOsH

SO3H

(C2H5)2N\/\/OsX\/N(C2H5)2

I\H
/X/SOsH

C6H4C /NH

SOaH +2H2O

which is then oxidized to the dye itself. The acid dye so obtained

is used in wool dyeing under the name of Xylene Red B (S.), or

Sulphorhodamine B (M.L.B.).

By condensing saccharin :

CO.

'\SO2-

with dialkylated m-aminophenol, P. Monnet and J. Koetschet obtained

dN^es similar to Rhodamines, to which they gave the name Sacchareins.

Their composition may be expressed by the following formula :

-C6H3NR2
>o

-C6H3NR2
/ \

C6H4 NH
\S0-/ (R=Alkyl)

C:
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They are decolorized by alkalis, and are, therefore, without any tech-

nical value ; but when the imide group is replaced by oxygen

:

C^-C6H3NR2

/-CeHsNRo
/ \

C6H4 O

colours perfectly fast to alkali are obtained—the so-called Sulphure'ins.

Apparently identical with these are the dyes obtained by Geigy by
the condensation of benzaldehyde-or<Ao-sulphonic acid :

^ XT /COH (1)

^^^NS03H(2)

with dialkylated w-aminophenols.

Further, valuable sulphonic acids. may be obtained by applying

the rhodamine synthesis to Fluorescein chloride ; by the action of

aromatic amines such as aniline, toluidine, etc., upon Fluorescein

chloride, phenylated or arylated rhodamines are obtained which can

be sulphonated in the arjd group yielding acid dyes. The sulphonic

acid of diphenylrhodamine is Fast Acid Violet B or Violamine B
(M.L.B.)

:

CeHr—N-
I

,^^\^-NH- C6H4 . SOaNa

/\/COOH

Fast Violet Acid A2R (M.L.B.) is obtained, from o-toluidine, and

Acid Rosamine A (M.L.B.) from mesidine in a similar manner.

By the use of p-phenetidine Fast Acid Blue R or Violamine SB
(M.L.B.) is formed, which was the first blue rhodamine.

Certain of these dyes, such as Fast Acid Violet A2R, are amongst

the fastest to light and most beautiful of the acid colours known
;

they therefore occupy an important place in wool dyeing.

Constitution of the PhthaleIns.

The comparison of the formula of Pyronine with that of Rhodamine
(Bernthsen), and the remarkable colour change shown by Phenol-

phthalein on salt formation (Friedlander), have given rise in recent

years to fresh views as to the constitution of the phthaleins, which

will now be considered.
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Phenolphthalein, which is obtained by condensing phthalic anhy-

dride with 2 mols. phenol, is a white substance giving colourless solu-

tions in alcohol. On our present views the change to red on the addition

of alkali must connote a change in constitution which, according to

Friedlander and Bernthsen, consists in the transformation of the

colourless lactone form into the coloured quinone form :

/C0\ /COOH
<^

pO C6H4/

C6H4OH /^-CeHiOHC-C6H4OH r^

-C6H4OH \^'=C6H4=
Lactone form. Quinoid form.

In support of this formula Friedlander obtained a compound which

was assumed to be Phenolphthaleinoxime :

C6H4—COOH

This assumption, however, proved incorrect, and according to Herzig

and Meyer it may have the following structure :

/COx
CeHiC )NOH^\

C:

-C6H40H

C6H40H

The existence of a quinoid form of free Phenolphthalein has not,

therefore, so far been proved.

The fact that Phenolphthalein forms colourless lactone ethers both
on alkylation (Herzig and Meyer), and on benzoylation (Bistrzycki

and Nencki) in alkaline solution—in which, if anywhere, the existence

of a quinoid form might be assumed—is an argument against the

assumption of a quinoid form of phenolphthalein. In fact, no compound
of Phenolphthalein is known in which a quinoid constitution can be

assumed which is free from doubt. Yet the behaviour of the coloured

alkaline solution of Phenolphthalein is so peculiar that, unless we do
assume a quinoid structure for the salts, it is almost inexplicable.

In the case of the bromine derivatives of Phenolphthalein matters

are somewhat clearer, as coloured ethers of these substances have been
prepared by Nietzki and Burckhardt.

The tendency towards the formation of quinoid compounds, which
probably exists to a certain extent in Phenolphthalein itself, is con-

siderably increased by the introduction of bromine atoms, as is the case

also with Fluorescein. Hand in hand with this the dyeing properties

are developed in the case of Phenolphthalein, whilst with Fluorescein

the colour is deepened.
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Nietzki and Burckhardt first brominated Herzig's phenolphthalin-

mono-ethyl ether :

/COOC2H5
C6H4

-CI>-OHG
which was then oxidized to a phenolphthalein derivative having pre-

sumably a quinoid constitution :

/COOC2H5 -R^

\Br

/Br

\Br

The ester has a yellow colour, dissolves in alkalis to a blue solution,

d3^es silk yellow and yields a tetrabromphenolphthalein-diethyl ether on
ethylation :

/COOC2H5 p»^

-< >-OC2H5
\Br

Hans Mej^er regards the constitution of Phenolphthalein from quite

a different standpoint. According to him the substance exists in neutral

solution in the lactone form, but has a symmetrical structure in alkaline

solution corresponding to the formula :

~ „ — CO—C0H4OH

The incorrectness of this theory, which does not explain the colour

of the alkali salts, has been shown by Guyol and Haller.*

If we consider the case of Fluorescein the free substance should

possess the lactonic formula :

/C0\
C6H4(^ pO

C—CeHaOH
>o

—CeHaOH

* Ann. Chem. Phys., 19, 297 (1909).
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whilst its salts must possess the qiiinoid formula :

CeHj
.COOH

c
C6H30H

= C6H3= *

In order to decide this very important theoretical point various

investigators, notably 0. Fischer and Hepp, Nietzki and Schroeter,

etc., have submitted the Fluorescein ethers to a most careful examina-
tion. As a result it appears that Fluorescein can exist both in the

lactone and quinoid forms, the former being the more stable. As
far as the cosines are concerned Nietzki has shown that they probably

possess a quinoid structure.

The explanation of these complicated relationships is chiefly due
to the researches of Nietzki and Schroeter. They first prepared the

monoethylether of fluorescin, by means of alcohol and hydrochloric

acid, which, from its mode of preparation, must certainly be a carboxylic

ester :

/COOC2H5
C6H4r^ /H

C
-<:3-oH
>o

<Z>-OH

This was then oxidized to the corresponding ether of Fluorescein,

which—assuming it to be a carboxylic ester—must possess a quinoid

structure :

C6H4—COOC2H5
OH

On brominating this Nietzki and Schroeter obtained an ether of

Eosine, already known as a dye, from which they argued that the

cosines must therefore possess quinoid structures. Further ethylation

of the quinoid monoethyl ether led to the formation of a yellow diethjd

ether insoluble in alkalis, to which its discoverers ascribed a quinoid

formula :

yCOOC^Hs

c
* These researches were carried out at a time when only the para-qmnoid

formulation was considered possible ; the deductions are, however, equally valid

for the newer ori/io-quinoid structures.
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Valuable support for this view is given by the fact that another

isomeric ether is known which, beyond doubt, has the lactone formula :

/COx

This substance is colourless and may be reduced to a fluorescindiethyl

ether containing a free carboxyl group :

/COOH

C
—<~>—OC2H5

( >-OC2H5 „

A further argument for the quinoid nature of the coloured Fluor-

esceindiethyl ether is afforded by the fact that it may readily be hydro-

lysed to the yellowish monoethyl ether which is soluble in alkali and
must also possess a quinoid structure :

CeH
/COOH

X:
'\/^—< >—0C2H5

On ethylating Fluorescein salts colourless lactone diethyl ethers

are always produced in addition to the quinoid diethyl ether {v.s.)
;

according to R. and H. Meyer a lactone ether is formed on benzoylating

in alkaline solution.

From these various data we must assume that Fluorescein is a

substance which exists in tautomeric forms but which in most cases

behaves as a quinoid compound. Fluorescein itself does not appear

so far ever to have been obtained in a colourless state, so that the

pure lactoid form is unknown
;

possibly the free compound is an

equilibrium mixture of lactoid and quinoid forms in which the latter

preponderates.

In the case of other phthaleins, however, as for example Phenol-

phthalein, hydroquinonephthalein and Fluorescein chloride, the lactone

form predominates.

The most recent view as to the constitution of the phthaleins is

based on the observation that many hydroxyketone dyes, although

they contain no nitrogen, form easily hydroh^sable salts with cone,

mineral acids, and also that various other substances containing only

C, H and 0, such as dimethylpyrone, also show the same behaviour
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J. N. Collie and Th. Tickle,* have prepared such salts and considered

them to be " Oxonium " salts :
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CeHs
Phenylfluorone

.

C6H5
Hydroxyphenylfluorone.

On the other hand, by methylating the weakly basic Fluorescein-

ether, salts of 3 : 6-dimethoxyphenyl-xanthoniuin carbox3dic ester are

formed :

Ac

CHaOx OCH3

/\/C00CH3

which behave as salts of strong bases and dissolve in water without

noticeable hydrolysis. They behave like acridinium salts (see later),

their aqueous solutions have a bitter taste and dye tannined cotton

in yellow shades fast to washing, like basic colours.

Complete alkylation therefore converts the strongly acidic Fluor-

escein, which possesses but faintly developed basic properties, into

strongly basic derivatives which contain no nitrogen.

In this way a new conception of the phthaleins is arrived at in

which thej' are regarded not as ^ara-quinoid but as or^Ao-quinoid

derivatives ; according to this, therefore, Fluorescein is either

HO Ov/X/OH HO\X\/0./\^0 H0\/\/0^,/\/0
1'

KJ-cKJ

p-Quinoid. 0-Quinoid.

in which the lactoid form corresponds to the colourless derivatives,

and the quinoid form to the coloured products. It appears hardly
possible to decide between the ^-quinoid and o-quinoid structures.

It may be noted that, according to the most recent views of Kehrmann, *

the cyclic quinoneimine dyes and related substances, i.e. pyronines,

* Ann., 414, 131 (1918).
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rosamines, azoxines, thionines, etc., are desmotropic substances possess-

ing either ortho- or par«-quinoid structures according to circumstances.

On grounds of convenience, however, and in order to show better

the analogy with the azoxonium and azthionium compounds (to be
discussed later) and the carboxonium compounds just noted, the o-

quinoid formulation has been preferred here.

In view of the close relationships subsisting between the pyronines

and fiuorones, the benzeins and rosamines, and the phthaleins and
rhodamines, one is naturally led to give these compounds also o-quinoid

formulae. The amino groups increase the basic character of the

compounds, but are not themselves the actual causes of the basicity,

and salt formation takes place in these cases also at the oxygen.

Pyronine, therefore, as the simplest rhodamine (formorhodamine), is

to be represented thus :

CI

(CH3)2N\/%/0<^/\/N(CH3)2 (CH3)2N\/VC>\/\^N(CH3)2
I

CI

\y\c^\/
H

o-Quinoid.

\/\c^\/
I

H
j3-Quinoid.

The rhodamines are derived from pjTonine by replacing the methine

hydrogen by aromatic radicals.

In these cases also the salts may be given either o-quinoid or p-

quinoid formulae :

CI

(C2H5)2N\/VO^/^/N(C,H5)2 (C2H5)2N\/\/Ov/%^N(C2H5)2

/\/COOH

CI

v^c^xy
A/COOH

\y

o-Quinoid. ' f)-Quinoid.

The rhodamine base itself is known in two forms, a colourless

lactoid and a coloured quinoid form :

(C2H5)2N' /X/0\/\/N(C2H5)2 (C,H5)2N\ N(C2H5)2

Lactoid, colourless. Quinoid, coloured.
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although the latter betain-like formula is by no means certain.* Accord-

ing to this conception only the anhydrous colourless rhodamine base

possesses a lactoid structure, whilst its intensely coloured hydrochloride

must have a free carboxyl group.

As a matter of fact; the behaviour of Rhodamine on esterification

speaks in favour of the latter formula, and dyes have been prepared

wiiich must be regarded as carboxylic esters of rhodamines such as

Anisoline and Rhodamine 6G (B.A S.F.) :

C6H4—COOC2H5
I—C6H3NH.C2H5

C >0-Cl
=^CeHs—NH . C2H5

Tetra-alkylated Rhodamine yields an ester with ethyl chloride
;

the same compound is, however, also produced on treating Rhodamine
with reagents which act exclusively as esterifying agents and do not

convert amines into ammonium bases, e.g. alcohol and hydrochloric

acid. Again, dialkyl-rhodamines on treatment with the same reagent

do not give the stable trialkyl derivatives but the easily hydrolysable

esters.

Noelting and Paira have obtained dyes by condensing nitrobenz-

aldehydes with dialkylated m-aminophenol, closing the pyrone ring

by removal of water from the hydroxyls and replacing the nitro group

by a carboxyl. The colouring matters so obtained are very similar to

the rhodamines and must, from their mode of preparation, contain a

free carboxyl group.

We are therefore justified in assuming the presence of a free carboxyl

group in Rhodamine and thus to regard it as a quinoid compound.

GalLeine and Coeruleine

These two dyes, owing to their methods of formation, are also included

amongst the phthaleins, although as far as their dyeing properties are

concerned they differ considerably from the phthaleins already examined,

and are closely related to the anthraquinone dyes which will be dealt

with in a later section.

Both Galleine and Coeruleine are pronounced mordant dyes which
are only utilized in the form of their lakes, that of Galleine being violet

and that of Coeruleine being green ; they are much faster than the

dyeings obtained with the other phthaleins.

Galleine is formed, in a similar manner to riuorescein, by heating

phthalic anhydride with gallic acid to 200° C. The gallic acid breaks

up into carbon dioxide and pyrogallol, the latter then condensing

with phthalic anhydride to form the dye. Orndorff and Brewer, who
repeated the earlier work of Buchka on this subject and corrected it

on certain points, ascribe to Galleine the following formulae :

* Noelting and Dziewonsky, Ber^, 38, 3516 (1905).
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OH OH

HO\/\/Ov\^0

/\/COOH or

\/

/COOH

It is therefore a dihydroxyfluorescein.

On heating Galleine with an excess of cone, sulphuric acid to 200° C.

Coeruleine is obtained. According to Orndorff and Brewer it has the
formula :

OHOH
HO\A/0 /

OH
I OH

HO\/^Ov^/0

I
I

I

CO or

being formed from Galleine by the elimination of a molecule of water.

It contains an anthraquinone complex and may therefore be placed

in the group of anthrahydroxyphthaleins. On distilling with zinc

dust it yields phenylanthracene ; it might therefore be included in

the later group of anthraquinone dyes, to which it is closely related

from the dyeing standpoint. It is distinguished in particular from the

somewhat fugitive phthaleins by the admirable fastness of its dyeings.

Galleine is used to a slight extent for dyeing the three chief textile

fibres, and for calico printing, in the form of its bright violet chrome
lake. Its chief application, however, is for the production of Coeruleine

;

this is not only faster than Galleine, but is quite one of the fastest green

dyes known. Its olive-green chrome lake is much used for producing
fast shades upon wool, silk and cotton, and for calico printing. Like

Galleine, it is insoluble in water and comes into the market in the form
of a paste, and frequently also as the bisulphite compound, Coeruleine S.

Dyes similar to Coeruleine are also produced by heating Fluorescein

and its derivatives with excess of sulphuric acid [Coeruleine B, BR
(M.L.B.)].

By the condensation of dimethylamino-hydroxybenzoylbenzoic acid

with pyrogallol and subsequent treatment with cone, sulphuric acid

somewhat similar dyes are formed, the hydrochlorides of which are

soluble in water [Ultraviridine (S.)]. They give bluish-green shades

upon chrome mordants.



QUINOLINE DYES

QuiNOLiNB is a base composed of one benzene and one pyridine

ring:

H H

HC C CH

HC C CH

H

which is produced according to Skraup's method by heating nitro-

benzene, aniline, glycerine and sulphuric acid (see " Intermediate

Products/' p. 42, and Alizarin Blue).

Hitherto but little use has been made of it for dye syntheses, as it

is not so suitable for this purpose as the aromatic amines. After

hydrogenation of the pyridine nucleus, however, it behaves much like

an N-alkylaniline and can then be caused to undergo various typical

reactions, in much the same way as the aromatic amines, leading to the

formation of dyes.* For instance, tetrahydroquinoline :

H H2

HC C CH2
I

II
I

HC C CH2
%C/\NH/

reacts with diazo compounds to form ^-azo dyes, whilst from tetra-

hydroquinaldine :

H2
/^\/ C \

CH2
I

CH.CH3
\/\NH/

violet to green dyes of the triphenylmethane series have been prepared, f
In the same way the tetrahydronaphthoquinolines behave analogously
to the naphthylamines.

Quinoline and the quinoline bases such as quinaldine, lepidine, etc.,

* Ann. Chem., 257, 21, 28. f Ber., 24, 1715 (1891).
245
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are not therefore, generally speaking, suited for the production of dyes,

and in addition they are relatively expensive substances. Consequently,

only one quinoline dye, Quinoline Yellow, is used for dyeing textile

fibres. Certain dyes of this class, such as Cyanine and Quinoline Red,

which were obtained by special methods, were known quite in the

early days of coal-tar colour manufacture. The beauty of these

colours, however, is fully equalled by their lack of fastness and cost-

liness, for which reason they are not used in dyeing, but they are of

very great value in photography, where they are used for colour-

sensitizing photographic plates.

Quinoline Yellow (Jacobsen, 1882).—On condensing phthalic

( Cf\ \anhydride with quinaldine I a-methylquinoline I in

the presence of zinc chloride a yellow dye, soluble only in alcohol,

termed quinophthalone (or Quinoline Yellow, spirit soluble), is formed.

It was believed for a considerable time that here, as in the case

of the other phthaleins, an unsymmetrical condensation had taken

place :

/C0\ /C0\
C6H4 + c

\c^o/
H. H.C9H6N = C6H4

^C^CH.CoHeN

Phthalic anhydride Quinaldine. Quinophthalone (old formula).

A. Eibner, however, who made a very careful study of this reaction,*

showed that the substance possesses the symmetrical formula :

/C0\
C6H< )CH-C9H6N

•

.according to which it is a quinolylindandion,e {vide Indandione

derivatives, p. 321). According to Eibner, the process leads first to

the formation of the unsymmetrical isomer, which is a phthalide ; at

higher temperatures this is transformed into the symmetrical quino-

phthalone.

Eibner 's researches have also led to a considerable improvement

in the technical method for the production of quinophthalone. The
asym. quinophthalone which is formed during the reaction to the

extent of 25 per cent, is converted into the valuable symmetrical isomer

on heating with sodium alcoholate so that the yield of dye is con-

siderably improved thereby, both qualitatively and quantitatively.

f

The sodium salt of the disulphonic acid of quinophthalone is a

valuable yellow acid dye and comes into commerce as Quinoline Yellow

{water-soluble, 0). It yields the purest greenish-yellow shades of any
of the known yellow acid dyes and is very resistant to light ; in spite

of its high price it is much used for silk and wool dyeing.

More recently a chlorinated Quinoline Yellow has been prepared from

* For complete r6sum6 by Eibner see Chem. Ztg., 1904, 1206.

t D.R.P. 158761.
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^-chlorquinaldine by condensing with phthalic anhydride and subsequent

sulphonation.* It dyes wool and silk a yellowish green and is said to

be faster to light than ordinary Quinoline Yellow, and to possess

greater tinctorial power, which may be due to the influence of the

halogen.

Still faster dyes are formed by the use of halogenated quinaldines

(or their homologues), containing either halogen or an alkyl group in

the benzene nucleus in the ortho position to the nitrogen.

f

Certain dyes derived from quinoline bases are, as already noted,

used in sensitizing photographic emulsions for the production of so-

called " panchromatic " or " orthochromatic " plates.

Certain azo colours, rosaniline dyes and phthaleins, have been
tried for this purpose, but with the exception of Erythrosine they have
all been superseded by dyes derived from alkylated quinolines.

Although used in very small quantities these dyes have proved
of the greatest importance for the production of photographic plates,

not only for peace purposes, such as colour printing, but also for such

essential military matters as aerial photographic reconnaissances ; it will

therefore be worth examining the general types of quinoline and iso-

quinoline dyes used for sensitization. J
The quinolinium dyes used for photosensitization fall into four

main groups which differ in their methods of synthesis, in absorption

spectra, and in their sensitizing action.

(1) The Cyanines are formed by the condensation of y-methylated

quinolinium -alkyl halides, i.e. derivatives of Lepidine or y-xaetYiyl-

quinoline :

\y^w
with quinolinium-alkyl halides. They show marked sensitization in

the yellow, orange and red.

The oldest member of the group is C?/«mne ( Williams, 1861) or

Quinoline Blue (G), which is produced by the action of caustic alkalis

upon the reaction product obtained from amyl iodide and equimole-

cular quantities of quinoline and lepidine. The condensation may be
represented by the following scheme :

C5H11-N;

>
KOH+ air C5H11-

C5H11 _H20 C5H11
<z>
\ /%!

Qmnoline Blue.

* D.R.P. 204255 ; E.P. 28266/08. f D.R.P. 286237.

X Cf. Wise and Adams, J. Ind. Eng. Chem., 10, 801 (1918) ; and J. Soc. Chern.

Ind., 36, 163 (1917) ; cf. also W. H. Mills and R. S. Wishart, Trans. Chem. Soc.,

117, 579 (1920).
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though it is probable that the actual reaction is somewhat more
complex.

In a similar way a number of cyanine-like dyes have been prepared
in recent years and have been placed on the market under various
names, such as Ethyl Red (= quinaldine cyanine), Orihochrome T
(M.L.B.), (=^-toluquinaldine-^-tolylquinoline ethyl cyanine), Pinaver-
dol (M.L.B.), or Sensitol Green (= ^-toluquinaldinequinoline methyl
cyanine), Pinachrome (M.L.B.), (=i)-ethoxyquinaldine-j9-ethoxy-
quinoline ethyl cyanine), Homokoll (By.), etc.

(2) The IsocYANiNES are formed by the condensation of a-methyl-
ated quinolinium alkyl iodides (=quinaldine derivatives) with them-
selves or with quinolinium halides. They sensitize chiefly in the green
and yellow.

The course of the reaction possibly proceeds according to the
following plan *

:

0!H O

R

+HI

(a-Methylated

qmnoline alkyl

halides.)

(3) PiNACYANOLS are formed by the condensation of 2 mols. quino-
linium alkyl halides containing a-methyl groups, in presence of form-
aldehyde,f

It was at first assumed that the resulting dyes must be of the

nature of diquinolylmetHane dyes such as the following :

7VN

CHs CH^^al

but it has recently been shown by 0. Fischer and his pupils % that

although the presence of formaldehyde increases the yield of the dye
it does not enter into combination with the quinoline nuclei but acts

apparently as an oxidizing agent ; it was also found that Pinacyanol

* A. Kaufmann and E. Vonderwahl, Ber., 45, 690 (1911); 44, 1404 (1912).

t D.R.P. 172118; E.P. 16227/05.

% J. /. prak. Chem. [2], 98, 205 (1918).
'
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could be formed by the action of air or certain other oxidizing agents

upon quinaldine ethiodide. It appears, therefore, that the two nuclei

are united together by means of their a-methyl groups and the following

formula has been put forward :

R R Hal

Pinacyanol (Quinaldine Blue).

t

The reaction probably takes place in two stages :

(1) 2Ci2HuNI -HI -2H - C24H25N2I

Quinaldine Ethiodide Slightly coloured

intermediate product.

(2) C24H25N2I -2H - C24H23N2I

Pinacyanol Iodide.*

Pinacyanol (M.L.B.) or Sensitol Red is the product from quinaldinium

ethiodide. It sensitizes in the yellow, orange and red.

Certain homologues of Pinacyanol are also made, that for example
prepared from 2 : 4 : 6-trimethylquinoline having, according to Fischer,

this structure :

CH3 CH3

<^H3\/X/^

1

R

J=:C=CH-

/\/\/CH3

R Hal

It is sold under the name of Pseudodicyanine,

(4) The last group, the Dicyanines, are formed when a mixture of

equal molecules of 2-methyl- and 4-methylquinolines' are condensed
together.

They are blue dyes sensitizing in the red and infra-red. They are

derived from a parent substance possessing, according to O. Fischer,

one of the two formulae :

^n;=c=ch- Xx/\^=^h

k^N- \y
R Hal

\./\N

/N/\

R Hal

II.

* O. Fischer, I.e.
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Commercial Dicyanine is derived from 2 : 4 : 6-trimethylqiiinoline
and has therefore (taking formula I) the following structure :

CH.

:C=CH—

.

\/\/CH3

CH3/^N/\X
/\
R Hal

All the condensations described in the foregoing take place in

alkaline solution.

Quinoline Red.—This beautiful but fugitive dye shows a magnifi-

cent fluorescence and is used in the same way as the Cyanines.
It is prepared by the action of benzotrichloride upon a mixture of

quinaldine and isoquinoline in presence of zinc chloride (Jacobsen, 1882).

An examination of its oxidation products leads, according to the
latest work on the subject,* to the following structures for the dye :

/^vCH\/\/
N N

CeHs

Hoffmann's earlier assumption of Quinoline Red as having a constitution

similar to the triphenylmethane dyes is accordingly improbable.

Flavaniline.—By heating acetylated bases with zinc chloride,

various dyes are produced of which Flavaniline is the most noteworthy.

It is formed on heating acetanilide with zinc chloride to 250°—270°

C. and is an a-aminophenyl lepidine of the formula :

CH3
I

X/^N^
(1) (4)

-CeHi-NHi

This remarkable process obviously consists in the first place in the

formation of ortho- and f)ara-aminoacetophenone from the acetanilide,

which then condense to form Flavaniline :

* Vongerichten, Krautz, Homan, Ber., 43, 128 (1910) ; 45, 3446 (1912).
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CH3
I

'C;0

NHs

0Hi3

OIC-C6H4NH2 -2H2O

CH3
I

•

CH
II

C-C6H4.NH2

Its sulphonic acid (Flavaniline S) gives very fine greenish-yellow

shades on animal fibres. Like Flavaniline itself, however, this dye

is no longer manufactured.

For the sake of completeness certain other dyes which belong here

will be noted, although their interest is only theoretical.

By the action of acetacetic ester upon tetrahydroquinoline a sub-

stance is obtained which is derived from a hypothetical body termed
" Julol," and is named ketomethyljuloline. On treating the last-

named substance with phosphorus pentachloride and a little oxychloride,

a dye is obtained, Julol Violet. Under similar conditions methyl-

lepidone yields a similar colouring matter, Lepidone Violet.

A class of dyes which may be regarded as related to Flavaniline

is formed from a-pyridones or a-quinolones by condensation with

secondary or tertiary aromatic amines.* In the case of N-methyl-

quinolone and dimethylaniline, for instance, we get the following

reaction :

CO + / \-N(CH3)2+HCl
/ \ /

->

CH3

C=

CH3

:N(CH3)2C1+H20

the resultant dye being, in this case, an orange substance dyeing

tannined cotton brilliant orange-red shades.

Berberine.

The natural colouring matter Berberine may conveniently be

appended here to the section on the artificial quinoline dyes. Berberine

occurs in various plants, such as Berberis vulgaris, Cocculus palmatus,

etc., and is of interest as being the only natural j^ellow basic dye which

has been used technically.

The barberry-root from Berberis vulgaris is also used occasionally

for dyeing leather and silk. Berberine itself, as isolated from the

* D.R.P. 269894.
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root, has the empirical formula C20H17NO4+4J aq., and when fused

with potash appears to yield quinoline, whilst on oxidation with nitric

acid berberonic acid or 1:3: 4-p3T:idinetricarboxylic acid is formed :

COOH

HOOC\/\

It is an isoquinoline derivative and is related to papaverine, hj'^drastine

and narcotine.

The constitution of Berberine was first elucidated by the researches

of W. H. Perkin, jun., and later by Gadamer and Faltis. Its constitu-

tion is expressed by the formula :

CH2

\o-

/CH2\
CH2

\/\ C /
N:

OH

CH

/\-0CH3

OCH3

CH

which has been confirmed by the more recent synthesis by Pictet and

Gams.* These chemists condensed homopiperonylamine :

CH2O2 : C6H3 . CH2 . CH2 . NH2

with homoveratric acid chloride :

(CH30)2:C6H3.CH2.C0C1

to form homoveratroylhomopiperonylamine :

CH
\0-

CH2

NH
\y CO/

CH2

^ ^ ^ CH2
CH2

vO-

X/'\0CH3

OCH3
I.

N
C ^

CH2
1

\y\OCK3

OCH3
II.

* Ber., 44, 2480 (1911); cf. also Ber., 44, 2036 (1911).
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CH2

'^ '^ ^ CH2

0-

C:

NH

-H

CH2
I.

\y\OCH3

OCH2
III.

by elimination of water from this body the dehydroi-soquinoline base,

II., is obtained which is converted on further reduction into veratryl-

norhydrohydrastinine, III.

Lastly, on treating this with methylal tetrahydroberberine is

formed :

,0-

CH2

0-

/CH2\
CH2

N

/\ U±l2

HCH2
I

\/\/0CH3

u -0CH3

which can be readily converted into Berberine by oxidation.*

* Hlasiwetz and Gilm, Ann. Suppl, 2, 191 (1863).
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The basis of the important group of Anthraqiiinone dyes, which
will now be considered, is anthraquinone itself :

c(K/\

o-'X/

from which substance the dyes are derived both theoretically and in

actual practice.

Anthraquinone is, as a chromogen, only slightly coloured ; owing
to the presence of the two chromophoric carbonyl groups, however,
the introduction into the two benzene nuclei of amino or hydroxyl
groups or other substituents leads to the formation of deeply coloured

compounds which may also be dyes, according to the nature and position

of the substituents.

In other respects many anthraquinone derivatives show a reactivity

which is reminiscent of the aliphatic series and distinguishes them quite

noticeably from the true benzene derivatives ; this readiness to enter

into reactions has led to the synthesis of numerous anthraquinone
derivatives, and one may indeed quite well speak of a special " Anthra-
quinone Chemistry " {v. Anthraquinone derivatives, p. 56).

The uniformity which used to be the chief characteristic of colours

of this class has now given place to a very great variety of dyes, so

that we are now acquainted with Acid dyes. Vat dyes and Azo dyes
in this group, and the name " Alizarin Dyes," which was formerly

used, is no longer applicable, since many of these colours are in no sense

derivatives of alizarin.

From the scientific point of view this class of dyes is still more
varied, containing as it does Azine and Oxazine dyes, Acridines, and
a host of new compounds possessing some of the most complicated

structures with which we are acquainted.

The majority of these compounds have one characteristic property

in common, namely, the great fastness of their dyeings.*

The large number of dyes comprised in this series may be divided,

in a general way, into three groups, an arrangement which accords also

with their historical development :

—

* Here also there are some exceptions, v.i.

254
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(1) Mordant-dyeing hydroxyanthraquinone dyes and their deriva

tives.

(2) Acid anthraquinone dyes.

(3) Anthraquinone vat dyes.

Each of these groups may be further subdivided into various

sub-groups, as will be seen in the following pages.

In this chapter only groups (1) and (2) will be considered, since

the vat dyes of the anthraquinone series will be dealt with amongst
the vat colours (p. 445). This plan is, perhaps, the most satisfactory,

since colours of this class are applied in just the same way as the

indigoid vat dj^es, and can therefore conveniently be dealt with in

conjunction with the latter.

General Considekations on the Colour of Anthraquinone
Derivatives.

As in other classes of dyes the colours of anthraquinone derivatives

depend upon two factors, namely, the nature of the substituents and
also the number and position of these groups.

As regards the first factor, chlorine has little influence ; if we con-

sider monosubstituted derivatives, in the a-position, we find the bromo
derivative is very slightly more yellowish than the chloro Compound and
the mononitro compound is practically colourless, like anthraquinone.

a-Hydroxyanthraquinone has an intense yellow colour even when
finally divided ; esterification, however, removes this effect, and both

the methoxy and phenoxy compounds are colourless ; acidyl groups

have a similar influence. The mercapto group, —SH, has an even
stronger effect on the colour, a-mercaptoanthraquinone being deep
yellow. Amino groups have a yet more pronounced influencCj a-amino-

anthraquinone possessing a strong brick-red colour, whilst the a-

methylamino and phenylamino compounds are respectively bluish-

red and violet-red.

As in the case of the hydroxy compounds, the introduction of acidyl

radicals has a strongly hypsochromic effect, acetyl-a-aminoanthra-

quinone being yellow, for instance, whilst benzoyl-a-aminoanthra-

quinone is lemon yellow.

It will therefore be seen that, as in other classes of dyes, the influence

of the various substituents may be arranged in the following order :

NO2, CI, Br, OH, SH, NH2, NHCH3, NHCeHs

As regards the influence of the orientation of the substituents

we may note that, as a general rule, a-derivatives are more deeply
coloured than the corresponding ^S-derivatives ; thus a-hydroxyan-
thraquinone possesses a deeper j^ellow colour than the ^-derivative.

In the case of disubstituted derivatives the case is somewhat more
complex ; so far as concerns the hydroxy derivatives it has been found
that the j3:^ compounds, e.g. 2:3, 2:6, and 2:7, have the least

colour, after these coming the 1:5- and 1 : 8-dihydroxyanthraquinones,
then the 1:2-, 1 : 3-, 1 : 6-, and 1 :

7- compounds (cf . also p. 258), and lastly



256 DYE CHEMISTRY

the 1 : 4- derivative, quinizarin, which is the most intensely coloured

of all, being vermilion in shade.

In the case of the amino compounds much the same rules hold :

with 1:3-, 1:5-, 1:8-, 2:6- and 2 :7-diaminoanthraquinones the colour

varies from reddish-yellow to brick-red ; the 1:2 compound is bluish-

red, whilst 1 : 4-diaminoanthraquinone has an intense violet colour.

The introduction of alkyl or aryl groups into the —NH2 deepens the

colour towards blue and green ; dimethyldiaminoanthraquinone 1 :

5

and 1 :8 are bluish-red, whilst the 1 :4 compound is a pure bluish-green,

the corresponding diphenyldiamino bodies being respectively violet

and green.

The colour of those disubstituted anthraquinone derivatives in

which the two substituents are different may be estimated with some
degree of accuracy by bearing in mind the foregoing facts. Thus
the compounds 1 -amino-, l-amino-4-chlor-, l-amino-4-nitro-, and 1-

amino-4-methoxyanthraquinone all have approximately the same
colour as might be expected from the known lack of influence excited

by the four substituents in question ; or again, we should expect to find

that l-amino-4-hydroxyanthraquinone is more bluish than a-amino-

anthraquinone, but less bluish than the 1 :4-diamine compound, which is

the case. Further, the introduction of an alkyl or aryl radical into

the amino groups of 1 : 4-diaminoanthraquinone deepens the colour

towards green, as might be expected.

We may illustrate the facts just set forth, as follows * :

M0N0SUI3STITIITED DERIVATIVES.

NO. OR OH
/X/COx/X /X/COx^/X /vco\/X

\/^co
(R= alkyl or aryl)

Practically colourless. Yellow. Deep yellow.

NH.> NH.CH3 NH.CeHs

/\/^^\/\ /VCO\X\ /\/C0\/\

Brick-red.

XJ \/^co/\/
Blmsh-red.

VAco/\/
Violet-red.

1 : 4-DlSUBSTITUTED DERIVATIVES.

NH2 NH2
/VCOvXX /\/CO\X\

\/\:!0/\/ \/\co/v/
Cl(N02)(OCH3) OH

Orange-red to brick-red. Bluish-red.

* A valuable summary of the chemistry of the anthraquinone series of colouring

matters is to be found in a lecture by Dr. Robert E. Schmidt, Bttll. Soc. Chem.,

[IV], 15, 1 (1914) ; cf. also pp. 284, 467.
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NH2
/Vco\/\

\Aco
NH2

Violet.

NH2
/\yC(\/\

NH. CH3
Bltiish- violet.

NHCH3
/Vco\/\

NH.C7H7
Greenish-blue.

NH

NH.C7H7
Blue.

NH.C7H7
€OxX\

co/\/
NH.C7H7

Green.

Mordant-dyeing Hydroxyanthraquinone Dyes and Derivatives.

The oldest colours of this class are Alizarin, Nitroalizarin, Ali-

zarin Blue, certain trihydroxyanthraquinones, and the sulphonic

acids derived from the hydroxyanthraquinones.

Like Alizarin itself they all contain two hydroxyl groups in the

1 : 2 position :

OH (1)

-OH (2)

and were therefore termed " Alizarin Dyes."

They can only be used for dyeing purposes with the aid of mordants,

and for long it was believed that, in accordance with the so-called
" Liebermann and Kostanecki's Rule,'' only those anthraquinone

derivatives could be mordant dyes which contained at least two hydroxyl

groups in the same positions as in Alizarin. To-day, however, it is

known that the relationships between mordant-dyeing properties

and constitution are by no means so simple, and in any case cannot

be adequately defined by the above-mentioned rule.

It is necessary to emphasize the fact that the differences in the

properties of substances which decide whether they should be classed

as mordant dyes or not, are not fundamental but merely differences

of degree. It has been found, for instance, that those dihydroxy-

anthraquinones which contain hydroxyl groups in positions 2:3-,

1:4-, and 1:3-, also show pronounced mordant-dyeing powers, and
this property is also possessed, though to a very slight extent, by the

other dihydroxyanthraquinones and even by the two monohydroxy
derivatives.*

It is noteworthy, again, that in certain cases the introduction of

further hydroxyls into a monohydroxyanthraquinone may actually

decrease its powers of combining with mordants
; f thus quinizarin

* Zeitsch. f. Farben- und Textilchemie, I. Jahrg., 623.

t Zeitsch. /. Farben- und Textilchemie, IV. Jahrg., 187.
' 10
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(1 :4-dihydroxyanthraquinone) possesses pronounced mordant dyeing
powers, whilst 1 :4:5:8-tetrahydroxyanthraquinone does not colour

mordanted materials at all.* Tetrahydroxyanthraquinone can indeed
dye mordanted materials, but its tinctorial powers are hardly more
pronounced than those of quinizarin, which is not usually counted as

a mordant dye (though it yields a strongly coloured beryllium lake).

It is seen, therefore, that the " Rule " of Liebermann and Kostanecki
must be further limited, as hydroxyanthraquinones with hydroxyl
groups in the ortho position are not necessarily good mordant dyes.

As a result of his researches upon the colours of the lakes formed
by the hydroxyanthraquinones, f von Georgievics came to the con-

clusion that a-hydroxyls tend to produce red and blue shades, whilst

jS-hydroxyls tend to yield yellow or brownish dyeings.

It is, however, possible that the influence of an a-hydroxyl may
mask the effect of a ^-hydroxyl or vice versa, whilst the relative positions

of the groups to one another may exert a decisive influence.

By this means v. Georgievics sought to explain why the colour

of Alizarin is but little altered by introducing further hydroxyls into

positions 6 and 7 (Flavo- and Anthrapurpurin) ; whilst if substitution

occurs in position 3, the colour is completely altered to brown (Anthra-

cene Brown).

He therefore suggested that the hydroxyanthraquinones could

be divided into two groups, one group forming yellow and brown
lakes and possessing ^ara-quinoid structures, the other group, in-

cluding Alizarin and its derivatives, forming red and blue lakes—with

the exception of hystazarin, which occupies an intermediate position

—and having or^Ao-quinoid structures. Lastly, in individual cases the

tendency to the production of one or other of the quinoid forms may
be such that the same dye may be or<^o-quinoid in some lakes and
^ara-quinoid in others.

These generalizations are open to criticism on various grounds, and in

their place Watson and Meek have put forward the following rules { :

(1) Two hydroxyl groups in one benzene nucleus, in the ortlio or

jpara position with respect to one another, are necessary to

produce a deep red, violet, or blue colour.

(2) The colour is still further deepened if both benzene nuclei contain

pairs of hj^droxyl groups in the o- or ^-position to one another.

(3) Three hydroxyl groups in the 1:2:4 positions in one benzene

nucleus produce a deeper colour than a pair of hydroxyl groups

in the o- or p- position.

(4) Three hydroxyl groups in the 1:2:3 positions in one nucleus

produce a brown colour.

* It yields, however, an intense blue lake on a beryllium mordant (unpublished

observation).

t V. Georgievics, Sitzungsbericht der K. Akademie, Wien, 1911, 147 ; Monatsch.,

32, 329 (1911).

% Watson and Meek, Trans. Chem. Soc, 109, 557 (1916); Watson, "Colour
in Relation to Chemical Constitution," pp. 101-4 (1918).
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In general, however, only those polyhydroxyanthraquinone deriva-

tives (containing no other substituents than hydroxyl groups) which
contain at least two hydroxyl groups in the 1 : 2 position (as in Alizarin)

possess technically valuable mordant-dyeing properties, so that the

Liebermann-Kostanecki rule may still be regarded as correct in the

following form :

" All those hydroxyanthraquinones which contain two hydroxyl
groups in the 1:2 position are technically valuable dyes." (Cf. also

Introduction.)

The most important dye of this group, both from the theoretical

and practical standpoint, is Alizarin itself.

In nature it occurs in the roots of Madder, Rubia tinctorum, in the

form of a glucoside.

This glucoside, termed Ruberythric acid, is hydrolysed on boiling

with acids into Alizarin and a sugar. The synthetic production of

Alizarin has, however, reduced the commercial importance of Madder
to a minimum. Further details on this point will be given under
" Madder," but we may note here that Madder, thanks to its content

of Alizarin, has played a most important part in the dyeing industry

since time immemorial. Alizarin may therefore be counted amongst
the very oldest dyes.

At the time when chemists began to devote attention to Alizarin,

it was regarded as a derivative of naphthalene ;
* and it was only after

the application to this substance of the zinc dust method, discovered

by Ad. Baeyer,! that Graebe and Liebermann succeeded in recognizing

Alizarin as a derivative of anthracene. The (to them) still unknown
fundamental quinone they termed Anthraquinone, and regarded

Alizarin as a dihydroxyanthraquinone, on the strength of its similarity

with chloroxynaphthalic acid and the hydroxynaphthaquinones.

The immediate outcome of this knowledge was the artificial pre-

paration of Alizarin, by the same workers, in 1868, by fusing dibrom-

anthraquinone with potash.

J

This first carefully planned synthesis of a dye was one of the

most brilliant achievements of modern chemistry, and one fraught

with momentous consequences.

The endeavours of Graebe and Liebermann to prepare Alizarin

from a sulphonic acid of anthraquinone were frustrated by their failure

to sulphonate the anthraquinone. They employed merely the same
temperatures as were then customary for the production of sulphonic

acids, and it was onl}' later that H. Caro succeeded, by heating anthra-

quinone and sulphuric acid to over 200° C, in obtaining a sulphonic

acid that gave Alizarin when fused with potash. •

* Cf. E.P. 1266/61 (F. B. Roussin), according to which Alizarin is said to be
formed by reducing dinitronaphthalene !

f All hydroxyanthraqmnones are reduced to anthracene when distilled with
zinc dust.

X The dibromanthraquinone which was first made by these investigators for

use in the synthesis of Alizarin was most probably not the 1 : 2 derivative but
the 2 : 3 compound or a mixture ; on fusing with alkali isomerization occxirs (Grand-
mougin and Sack).
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This latter method of preparing Alizarin was patented conjointly

by Caro, Graebe and Liebermann, whilst almost simultaneously Perkin

patented the same reaction in England.*

These workers then united to secure the common fructification of

their epoch-making discovery. The result was the establishment of

works for the production of Alizarin—to some extent independently

of the inventors, on account of the insufficient protection then afforded

by the patent laws. The great technical difficulties initially in the way
of producing Alizarin on a manufacturing scale were soon overcome,

and the process then became one of the most important, and for a

long time also the most profitable, tasks of the colour maker.

f

In the year 1888 the dailj'' production of Alizarin in Europe amounted
to 65 tons of 10 per cent, paste (assuming a working year of 300 days).

In consequence of the keen competition and the gradual perfecting of

the methods of manufacture, the price of Alizarin fell considerably :

e.g. from Qs. or Is. per lb. in 1870 (for 10 per cent, paste) to about Qd.

or Id. per lb. (20 per cent, paste) in 1913 just before the war. J In the

case of Alizarin also the prices are fixed by means of a convention

between the various firms which produce it. Since 1888 the produc-

tion of Alizarin has increased but slightly.

At the present time the manufacture of Alizarin is only pursued by
five makers in Germany, and by one firm (The British Alizarine Co.)

in England, though it was al&o practised for a time in Russia, France,

Switzerland and Austria.

This highly important branch of the dye industry seems by now to

have passed its culminating point : the use of Alizarin for dyeing

and printing cotton goods, which was at one time very extensive, has

now been considerably restricted owing to the increasing use of Benzo-

purpurine and other substantive colours and particularly also of Para-

nitraniline Red. On the other hand, however, considerable quantities

of Alizarin are required for the production of other dyes.

The raw material for its production is the crude anthracene obtained

from coal-tar. This 30-40 per cent, product undergoes a preliminary

purification by treatment with solvent naphtha, pyridine or acetone,

the impurities being dissolved out : the small quantity of anthracene

which goes into solution separates out again on cooling. The purified

product contains 50-55 per cent, anthracene (or 80-90 per cent, if the

purification is effected with acetone or p\Tidine),§ the residue consisting

of other hydrocarbons such as phenanthrene, fluorene, etc.,|| which are

for the most part of little value for the manufacture of dyes. To
remove these the impure anthracene may be treated with sulphuric

acid and potassium bichromate, the anthracene being oxidized to anthra-

• Caro, Graebe and Liebermann's English application was filed on 28th June
1869, that of Perkin one day later (cf. E.P. 1936/69 and 1948/69).

f An interesting account of the processes and apparatus used in the early

factories is given in a lecture by the late Sir W. H. Perkin before the Royal Society

of Arts (see J. Roy. Soc. Arts, 1879, p. 372).

J The prices vary according to the brand.

§ The Anthracene content is estimated by Luck's method, Ber., 6, 1347.

II
Basic substances such as carbazole, acridine, etc., are also present in crude

anthracene.
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quinone whilst the other hydrocarbons either remain unchanged or are

oxidized away. If this mixture be then treated with concentrated sul-

phuric acid (sp. gr. 1 '84) at 105°-110° C, the anthraquinone is dissolved

up whilst the other hydrocarbons are converted into their sulphonic

acids ; on pouring into water the sulphonic acids dissolve whilst

the anthraquinone separates out. Its purification is completed by
sublimation with superheated steam. At the present day, however,

only fairly pure anthracene is oxidized.

The anthraquinone thus obtained is almost chemically pure and
is then sulphonated. In the early days of Alizarin manufacture the

colour was supposed to be formed from a disulphonic acid of anthra-

quinone ; later it was found that 'only the j8-monosulphonic acid is

suited for this purpose, the disulphonic acids yielding trihydroxy-

anthraquinones (Perkin, 1876).

A considerable improvement was effected by the use of fuming
sulphuric acid (Koch), which made it possible to produce either the

mono- or disulphonic acid as required ; sulphonation at 150° C. with

sulphuric acid containing 15 per cent, anhydride yields the j8-

monosulphonic acid as practically the sole product ; the process is not,

however, quantitative since a portion of the anthraquinone always

remains unchanged. The separation can be effected by means of the

sodium salt * of the sulphonic acid which, in distinction to anthra-

quinone, is readily soluble in hot water.

In order to convert the sodium salt into Alizarin it is fused with

caustic soda for 2-3 days at 200° C, the sulphonic group being replaced

by an hydroxyl, a second —OH also entering the same nucleus

simultaneously.

[H i ONa
/^ /^%^_:S03Nai NaOiHJ <V^^V^ ONaM : + .-.:. = |4-Na2S03+H20+H2

Sodium salt of '
'

' ' Sodium salt of

/3-anthraquinone- Auzann.

monosulphonic acid.

The caustic soda, therefore, also exerts an oxidizing action, and
the liberated hydrogen can reduce a portion of the Alizarin to mono-
hydroxyanthraquinone, or even to anthraquinone itself. This actually

used to occur in the early days of the process, but is now obviated by
adding sodium chlorate, or nitre, to the melt (Koch).

When the melt is finished, the mass is dissolved in water, and the
Alizarin precipitated in the form of yellow flakes, by acidifying the

violet coloured alkaline solution with hydrochloric acid. The product
is finally washed and stirred up with water to form a paste containing

a known quantity of dry colouring matter.

A more recent process for producing Alizarin from anthraquinone
has been discovered by the Badische Anilin- und Soda-Fabrik,f con-

* This is known technically as " silver salt," as it separates from solution in
glistening silvery platelets.

t D.R.P. 186526 ; Fr. P. 344680 ; E.P. 7398/04.
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sisting in melting anthraquinone with concentrated aqueous alkali

and sodium chlorate, a particularly pure alizarin being produced, so

that the process is specially suited for the production of bluish shades

of Alizarin. A portion of the anthraquinone is converted into oxy-

anthranol

:

/\.C(OH)\X\

which can, however, readily be reconverted into anthraquinone by
blowing in air in the presence of alkali.*

The Farbenfabriken vorm. Fr. Bayer also prepare a very pure

Alizarin direct from anthraquinone by carrying out the alkaline fusion

either in presence of a sulphite, or of anthraquinone sulphonic acid.f

Alizarin is thus obtained in good yield and extremely pure. It

is curious to note that relatively little anthraquinone is split up during

the alkali fusion.

The Farbwerke Hochst describe a process for the production of

Alizarin consisting in heating mesodihalogenanthracenes or their

derivatives with aqueous alkalis under pressure in the presence of

oxidizing agents with or without the addition of sulphites. {

Recently the Chemische Fabrik Griesheim Elektron have worked

out a process for obtaining the dye by fusing the mesonitro derivatives

of anthracene in the presence of oxidizing agents, sodium sulphite

and linie.§

Another interesting and somewhat curious mode of formation of the

colouring matter is contained in a recent patent, |1
according to which

Alizarin is formed on exposing to the air a mixture of anthraquinone-

2-sulphonic acid and powdered potash moistened with alcohol : the mass

becomes hot and Alizarin is produced.

Formerly 10 per cent, pastes, containing 90 parts water and 1 parts

Alizarin were produced : at the present time, however, the paste is

almost exclusively 20 per cent. : 40 per cent, pastes have also been placed

on the market, but have the great disadvantage that after standing

for a long time it becomes extremely difficult to restore them to a

homogeneous condition again by stirring.

Large batches of Alizarin are made up at a time into 20 per cent,

paste. In order to get regular results, and not overshoot the mark,

it is usual to add the water by degrees, so as to obtain, in succession,

25, 22, 20-7 ... 20 per cent, of dry substance. The work must, of

course, be carefully and continuously checked, by determining the

amount of water If the paste has inadvertently been made too thin

* It may be noted that Alizarin is also produced as a by-product in the In-

danthrene melt (see Indanthrene).

t D.R.P. 241806, 245987; E.P. 19641/08, 2354/11, 24642/11, 11915/12.

% In order the avoid the use of fuming sulphuric acid Perkin worked out a

method consisting in chlorinating anthracene, sulphonating the chloro product,

oxidizing with manganese dioxide, etc., and then fusing with alkali in the usual

way (cf. E.P. 3318/69).

§ E.P. 16859/14; D.R.P. 292247. |1
D.R.P. 287270.
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it must be brought to the proper concentration by adding the requisite

quantity of stronger paste.

The reason for selHng Alizarin in the paste form is that, when once

dry, it cannot again be distributed so uniformly and finely in water

as is indispensably necessary to its employment in dyeing and

printing.

For shipment to India, Alizarin is also prepared in the form of j)owder

by drying the paste through an admixture of starch. When placed

in water, the starch swells up, and the powder is converted into a thin

pap suitable for the purposes of the dyer. Most of the Russian dyers

purchase their Alizarin in the form of powder, effecting the solution

in soda and precipitation with hydrochloric acid in the dye-bath itself,

this method giving more powerful dyeings than are obtainable with

Alizarin paste.*

If the sulphonation of anthraquinone be performed by heating it

with an excess of sulphuric acid, containing 40 per cent, of anhydride,

at 150°-200° C, two disulphonic acids are produced, which are dis-

tinguished as a- and j3-acid :

/\^^V\-80M SOsH-ZV^V^-SOaH

SO3H- VN^oAy \AcoAy
a-Anthraqmnone disulphonic acid. ;8-Anthraquinone disulphonic acid.

On fusing the sodium salts of these acids with caustic soda in presence

of sodium chlorate, two trihydroxyanthraquinones are formed : Flavo-

purpurin and Iso- or Anthrapurpurin.

The a-acid yields the 1:2: 6-trihydroxyanthraquinone (Flavopur-

purin), the 1:2:7 derivative (Anthrapurpurin) being obtained from
the j8-acid. The alkali melt therefore causes the introduction of a

further hydroxy 1 group in these cases also.

Both are produced in a perfectly pure state on the large scale,

and, when mixed with Alizarin, serve for the production of the numerous
brands of commercial Alizarin.

The product known in commerce as Alizarin {blue shade) is generaily

pure Alizarin (e.g. the mark VI. of the B.A.S.F. ; mark /. extra of

the Farbenfabriken vorm. Fr. Bayer & Co., etc.), whereas the other

marks of more yellowish shade are mostly variable mixtures of

Alizarin, Flavopurpurin, and Anthrapurpurin, or contain only one
of these two latter.

thus the brands SX ; GD (B.A.S.F.), RX (M.L.B.), SX extra (By.)

are pure Anthrapurpurin ; EG, GI (B.A.S.F.), SDG (M.L.B.), XD (By.)

are Flavopurpurin, whilst GF, GFX (B.A.S.F.), etc., are mixtures of

Purpurin and Alizarin, RA, RR (B.A.S.F.) being mixtures of Anthra-
and Flavopurpurin.

Whereas Alizarin is more used for the production of rose-red, violet,

and Old Red (Turkey red by the old process), Flavopurpurin is particu-

larly suitable for printing red shades on cotton goods, since it combines

* In addition, the alkali fusion of the anthraquinone sulphonic acid was carried

out in Russia to some extent.
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with mordants more readily than the other two, and is developed by
merely a gentle steaming. Finallj^ the more bluish Anthrapurpurin,

and the Alizarin brands of which it is the chief constituent, are more
used for actual dyeing, the alumina lake being more resistant to soaping.

The various mixtures are therefore made up according to the pro-

posed use to which it will be put, whether for dyeing, printing or the

manufacture of lakes, and are hence very numerous. For analytical

purposes one is usually contented with a colorimetric determination

of the alkaline solution or with a test dj^eing.

A third trihydroxyanthraquinone, Purpurin, accompanies Alizarin

in madder root,* and is prepared synthetically by heating dry Alizarin

to 100° C, with sulphuric acid and oxidizing with manganese peroxide

or arsenic acid (de Lalande),f or by warming a-nitroalizarin (see below)

with sulphuric acid (Caro)
; J or, finally, by heating anthraquinone

\^dth concentrated sulphuric acid and boric acid. In composition it

corresponds to the following formula :

OH

Purpurin is marketed under various names such as Purpurin (B. A.S.F.),

Alizarin Purpurin 20 % (By.), Alizarin Na. 6 (M.L.B.); it finds

far less application, however, than the other trihydroxyanthraquinones

mentioned above. It is soluble in boiling alum solution, in distinction

to Alizarin, and may in consequence be separated from it by this means.

The positions of the hydroxyl groups in Purpurin and in Alizarin

have been determined in the following manner : as is well known,

phthalic anhydride condenses with benzene in the presence of aluminium

chloride to form benzoylbenzoic acid, which on elimination of water

is converted into anthraquinone :

+
vy^coy

-C0-~_/\

'XCOiOHHi/X/ \AcoAJ

The reaiction is almost quantitative § but possesses no advantage over

the oxidation method from anthracene.

When phthalic anhydride and catechol are condensed by heating

with an excess of concentrated sulphuric acid. Alizarin is formed :

* Together with Purpurin-3-carboxylic acid, which can be obtained synthetically

by the oxidation of Alizarin-3-carboxylic acid.

t de Lalande, E.P. 2841/74.

X Caro, E.P. 1229/76.

§ G. Heller and W. Schuelke, Ber., 41, 3627 (1908).
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OH OH(i)

/^\/C0.

\y^co'
01+

H

H

-OH

V
OH (2)

+H2O

Phthalic anhydride. Catechol. Alizarin.

From this sjnithesis it follows that the two hydroxyl groups in

Alizarin must be in the ortho position to each other. The 2 : 3 dihydroxy

derivative is also produced during the condensation {Hystazarin) and
is transformed into the 1 : 2 compound on prolonged heating : on
stopping the reaction at the right moment, therefore, a mixture of

both derivatives can be obtained.

In a similar way a dihydroxyanthraquinone has been obtained

from hydroquinone which, owing to its method of production, must
contain the hydroxyl groups in the para position, the so-called

Quinizarin

:

OH OH
/\

I

OH

i^v^^vSu +H20

co/\/
I

OH

Hydroquinone

.

Quinizarin.

Since Purpurin may be obtained by the oxidation either of Alizarin

or Quinizarin, it follows that all three hydroxyls must be in the one

nucleus in the positions 1:2:4. It follows, therefore, that in Alizarin

the hydroxyl groups are not in positions 2 : 3 but in 1:2:

OH OH
^COx/XoH /X/CO\/\oH

co/\/
OH

Purpurin.

v/\co

Alizarin

Other isomers may be obtained on extending the Alizarin synthesis to

phthalic anhydride and catechol or its ethers. Such syntheses have
been effected by Logodinzki, Loretan, and later Noelting, and Battegay,

Thus phthalic anhydride and veratrol (the dimethyl ether of cate-

chol) jdeld first the dimethyl ether of a dihydroxybenzoylbenzoic

acid :

/\/C0

\/\co
+

/\

\y

/COOH /\

"CO-^Ky

OCH3

-OCH.3

which on heating with cone, sulphuric acid loses one molecule of water
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and yields the dimethyl ether of Hystazarin (2 : 3-dihydroxyanthra
quinone) :

CO-^^y-OCHa

OCHa

C0\/\

coA/

OH

OH

On hydrolysis Hystazarin itself is obtained ; this is devoid of technical

importance and possesses much slighter dyeing powers than the isomeric

Alizarin ; it yields brown shades with mordants and so, from the dyeing
point of view, corresponds to Anthragallol.

The synthesis of Quinizarin from phthalic anhydride and hydro-
quinone (or ^-chlorphenol) is a proof of its constitution. This important
substance serves as the starting-point for various dyes and is prepared

on a large scale by oxidizing anthraquinone with fuming sulphuric

acid in the presence of boric acid, or by means of nitrites.* Leuco-
quinizarin may be obtained by reducing purpurin with acid reducing

agents in presence of boric acid.f

Quinizarin is also formed from 1 : 4-dichloranthraquinone, or from
1 : 4-chlorhydroxyanthraquinone by the action of fuming sulphuric

acid in presence of boric acid, the chlorine atom being replaced

by hydroxyl.f

It may also be obtained by condensing phthalic anhydride with
j9-chlorphenol by means of sulphuric acid in presence of boric acid.§

Other important substances serving for the production of dyes
are 1 : 5-dihydroxyanthraquinone (Anthrarufin) and the 1:8 derivative

(Chrysazin), which are prepared from the corresponding 1 :5- and 1 :8-

anthraquinonedisulphonic acids by heating with lime under pressure.
|1

The two sulphonic acids are produced by disulphonation of anthra-

quinone in presence of mercury.^
The remaining isomeric dihydroxyanthraquinones are all known,

such as Purpuroxanthin {\ -.2), Metahenzodihydroxyanthraquinone (1:7),

Anlhraflavic acid (2:6), and Isoanihraflavic acid (2:7). With the

exception of Alizarin they are none of them of use as dyes, but in many
cases are of importance as intermediates.

Of the fourteen trihydroxyanthraquinones many are known in

addition to Purpurin (1:2:4-), Flavopurpurin (1:2:6-), and Anthra-

purpurin (1:2:7-), which have been mentioned in connection with

Alizarin. Thus the trihydroxyanthraquinones containing the hydroxyl

groups in positions 1:2:5- and 1:2:8- have been prepared.**

* D.R.P. 81245, 81960, 86630; E.P. 973/94, 975/94, 12667/95.

t E.P. 23924/11 (Bayer).

X D.R.P. 203083 ; E.P. 28104/07.

§ E.P. 12619/12 (Bayer).

II
E.P. 10242/03, 25541/03, 25738/03, 1062/05.

if E.P. 10242/03, 13808/03.
** D.R.P. 156960, 103686 ; E.P. 256/99, 8282/04 ; Farbenfab. vorm. Fr. Bayer

& Co.



ANTHRAQUINONE DYES 267

The former is produced by treating Alizarin with fuming sulphuric

acid and boric acid at 35° C, the second may be prepared from

chrysazin disulphonic acid (1 : 8-dihydroxyanthraquinone-2 : 7-disulphonic

acid). Both are similar dyes to Alizarin, but yield more bluish shades

than this colouring matter and are of less importance.

Hydroxychrysazin and hydroxyanthrarufin are also produced from

Chrysazin and Anthrarufin by an oxidizing melt.*

1 : 4 : 6-Trihydroxyanthraquinone has been made by M.L. Crossley f

by condensing 4-aminophthalic anhydride with quinol, the —NH2 being

replaced by hydroxyl, but is of no value as a mordant dye.

During recent years 1:2:5:6-, and 1:2:7: 8-tetrahydroxy-

anthraquinone have been prepared, the former from Anthrarufin-

disulphonic acid, the latter from chrysazin disulphonic acid ; both

jdeld similar dyeings to Alizarin, but are less important as dyes. Certain

tetrahydroxy derivatives, which are, however, of importance as colouring

matters, will be discussed later.

Anthragallol.—The 1:2:3- derivative occupies a special position

among the trihydroxyanthraquinones owing to its valuable dyeing

properties, yielding as it does brown shades with mordants, the chrome

lake being of particular importance on account of its fastness.

This colouring matter is prepared by Leuberlich's method (1877)

by heating benzoic and gallic acids with concentrated sulphuric acid,

its constitution being thereby shown :

OH OH
I

•
I

COibH H|\/\/OH /\/CO\X\/OH
+2H2O

jH HOjOC/\y\OH V^CO-^X/^OH
Benzoic acid. Gallic acid. Anthragallol.

It may also be produced by condensing phthalic anhydride with

pyrogallol by means of cone, sulphuric acid, in an analogous way
to the synthesis of Alizarin from phthalic anhydride and catechol.

During the production of Anthragallol from gallic acid a certain

amount of 1 :2:3:5:6:7-hexahydroxyanthraquinone is also formed
by condensation of two molecules of the acid, the product being termed

Bufigallol or Rufigallic acid ; it yields only muddy red dyeings and is

valueless as a dye.

By oxidizing Anthragallol with manganese dioxide and sulphuric

acid 1 : 2 : 3 : 4-tetrahydroxyanthraquinone is obtained, which dyes
brownish-red shades.

For a considerable time Anthragallol remained unnoticed until

finally, after the introduction of chrome mordants into the dyeing

industry, its valuable tinctorial properties were recognized.} It is

put on the market as a 20 per cent, paste under the name of Anthracene

* D.R.P. 195028 (M.L.B.).

t J. Am. Ckem. Soc, 40, 404 (1918).

J It was first recognized as a dye by Bourcart, and was introduced industrially

as a chrome-mordanted colour by R. Bohn (1886).
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Brown or Alizarin Brown, and owing to its great fastness is one of

the most highly valued dyes. It is also used for dyeing silk and cotton
;

only its chrome lake is of practical importance.

Alizarin S, WS, Alizarin Red Powder W, Alizarin ^WS, etc.—
These names are used in commerce to denote the sodium salts of

Alizarin monosulphonic acid and of Flavo- and Anthra-purpurin
sulphonic acids : the acids are produced by acting upon Alizarin, or

the trihydroxyanthraquinones noted above, with strong sulphuric

acid, the sulphonic group entering the nucleus in position 3.

If Alizarin be sulphonated in the presence of mercury a mixture
of Alizarin-3:5-, and -3 : 8-disulphonic acids is produced, from which
the 3-sulphonic group can be eliminated by heating with cone, sulphuric

acid [Erweco Alizarin Acid Red BS (R.W. & Co.)].*

These sulphonated Alizarins are used for dyeing wool, for which
purpose Alizarin itself is not so suitable ; they are marketed as powders.

Alizarin Orange.—This dye, which exhibits a completely analogous
behaviour to that of Alizarin, is produced by the action af nitric acid

on Alizarin dissolved in nitrobenzene. It is a i8-mononitroalizarin

having the structure :

OH

/\^OvA/OH

The introduction of the nitro group into the Alizarin molecule takes

place with remarkable ease, and may be effected at the ordinary tem-
perature by the action of nitrogen peroxide upon Alizarin, or upon a

substance dyed red by means of Alizarin ; this latter method of pro-

ducing nitroalizarin led to its discovery by Strobel ; its scientific

investigation was carried out by Rosenstiehl.

It is used to a moderate extent, chiefly in calico printing. On
reduction it yields the corresponding aminoalizarin which has been
brought into commerce by the Badische Anilin- und Soda-Fabrik

under the name of Alizarin Maroon, but has only slight practical

interest.

The chief use for the two last-named dyes is for the production of

Alizarin Blue.

a-Nitroalizarin is produced by the nitration of Alizarin in the form
of its methyl-, benzoyl-, or arsenic ester, or its diacetyl compound,
whilst, somewhat unexpectedly, nitration of its boric ester produces

4he j8-compound. It is also produced by nitrating Alizarin in weak
oleum.

On reduction a-aminoalizarin is formed which is put on the market
as Alizarin Garnet R or Alizarin Claret R (M.L.B.), and as Alizarin

Cardinal (By.). It is used in calico printing.

All the Anthraquinone colours hitherto discussed are, with the ex-

ception of Anthragallol, very similar to one another ; they are markedly

polygenetic md yield orange to red lakes with tin mordants, red to

* R. Wedekind & Co., D.R.P. 205965, 210863 ; E.P. 10242/03.
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bordeaux-red with alumina, garnet with chromium, and violet with

iron.

Alizarin Blue.—This important dye was first prepared by Prud-

homme by heating nitroalizarin (Alizarin Orange) with glycerine and
sulphuric acid. Graebe, who made a careful investigation of the dye,

found that it was a dihydroxyanthraquinone-quinoline corresponding

to the formula :

OH

/Y^Ow^/OH

\/\:;o\/\
I

N

The assumption that a quinoline linkage could be formed by heating

a nitro compound with glycerine and sulphuric acid found a brilliant

confirmation in the synthesis of quinoline effected by Skraup, by
heating nitrobenzene and aniline with glycerine and sulphuric acid

(cf. p. 42).*

At the present time Alizarin Blue is prepared by a method analogous

to that for the production of quinoline, namely by heating j8-nitro-

alizarin and ^-aminoalizarin with glycerine and sulphuric acid. On
pouring the reaction product into water the Alizarin Blue separates

out ; it is then washed very carefully to free it from the sulphuric

acid which adheres to it very firmly. The yield of dye is practically

quantitative.

The sodium bisulphite compound is sold as Alizarin Blue S, and

SW (Brunck, 1878). This has the advantage of being soluble in water

and is used chiefl\'^ for calico printing.

A soluble sodium salt of Alizarin Blue is placed on the market as

Alizarin BlueXA (B.A.S.F.) and Alizarin Blue WA (Bay.), and serves

chjefly for machine-dyeing woollen goods.

Prudhomme prepared new dyes from Alizarin by the action of

formaldehyde, which have not so far, however, attained any practical

importance.

Alizarin Green S.—Under this designation the Farbwerke vorm..

Meister, Lucius und Brtining have introduced into commerce the

quinoline derivative from Alizarin Claret (a-aminoalizarin) correspond-

ing to Alizarine Blue S. In distinction to the isomeric Alizarin Blue

this dye yields bluish-green lakes.

Alizarin Black P (M.L.B.) is the j8-quinoline from Flavopurpurin.

The S brand is the bisulphite compound. This colouring matter is

of only slight importance.

Mention may also be made here of the fact that the three substances

Carminic acid, Kermesic acid and Laccaic acid, the colouring matters

* The 1180 of aniline in the synthesis was adopted by Skraup as the result of

Gra«be's suggestion that the poor yields obtained might be due to the oxygen
liberated by the nitrobenzene.
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of Cochineal, Kermes and Stick Lac respectively, have recently been

shown by Dimroth and his pupils to be complex hydroxyanthraquinone

derivatives (see i^p. 516 et seq.).

Dyes Produced by Means of the Bohn-Schmidt Reaction.

For some 3^ears it did not appear likely that any further technical

advances could be made in the group of anthraquinone dyes until

R. Bohn (B.A.S.F.) discovered a reaction in 1888 (which was inde-

pendently worked out bj^ Schmidt (By.)), the importance of which

he at once recognized ; it has served as the source of a whole series

of valuable new dyes and its possibilities are not even yet quite

exhausted. This reaction consists in introducing hydroxyl groups

into the molecule by means of the oxidizing action of oleum of high con-

centration at moderate temperatures ; anhydrides of sulphonic acids

(ethers) are first formed which yield the free polyhydroxyanthraquinones

on treatment with acids.

They were the subject of scientific investigations by Graebe and by
Schmidt and Gattermann.* The reaction was first performed with

Alizarin Blue by Bohn,f and was later applied by R. Schmidt to

Alizarin. J It was soon found to be applicable to all anthraquinone

derivatives, and even to anthraquinone itself. A further improvement,

introduced by Schmidt, consisted in the addition of boric acid which

forms ethers with the hydroxyanthraquinones and prevents the oxida-

tion from going too far.

The addition of boric acid § exerts a moderating influence upon
the course of the reaction, thus making it possible to produce on a

technical scale the lower hydrox3^anthraquinones which are first formed.

Further, the addition of boric acid makes it possible to carry out the

Bohn-Schmidt reaction with ordinary cone, sulphuric acid (at higher

temperatures), whilst without such addition a large excess of strong

fuming sulphuric acid is requisite.

The following examples will demonstrate how dependent the course

of the reaction is upon the conditions under which it is carried out :

Anthraquinone heated with cone, sulphuric acid and boric acid to

260°-280° C. yields Quinizarin
||

and then Purpurin ; if fuming sul-

phuric acid containing 80 per cent, anhj^dride be used, together with

boric acid, the first product is Anthrarufin (1 :5-dihydroxyanthra-

quinone) and then successively 1:5: 8-trihydroxy, 1:2:5: 8-tetra-

hydroxy-, and finally 1:2:4:5:6: 8-hexahydroxyanthraquinone.

* Graebe, Ber., 1890, 3739 ; Graebe and A. Philips, Ber., 1891, 2297 ; idem,

Ann. 276, 21-35 ; see also R. Schmidt and Gattermann, Jour. f. prakt. Chetn., 43,

237, 44, 103-9.

t D.R.P. 46654, 47252 ; E.P. 14353/88, 15121/88.

X D.R.P. 60856 ; E.P. 8725/90.

§ First used in the case of the hydroxyanthraquinones, D.R.P. 81481, E.P.

973/94 ; for hydroxyanthraquinolines, D.R.P. 81961, E.P. 2325/94.

II
This may also be produced by heating anthraquinone with cone, sulphuric

acid and nitrous acid.



ANTHRAQUINONE DYES 271

Erythrohydroxyanthraquinone :

OH

is readily converted into Anthrarufin by means of fuming sulphuric

acid of high concentration, more energetic action 3delding hexahydroxy-

anthraquinone. The use of other oxidizing agents for this purpose,

such as persulphates, perchloric acid in concentrated sulphuric acid,

electrolytic oxygen, etc., has also been patented.

By means of the Bohn-Schmidt reaction it is therefore possible

to produce commercially various well-known hydroxyanthraquinones

such as Quinizarin and Anthrarufin, which are of considerable value

nowadays as intermediates for the production of dyes.

It has also been found that this reaction can in many cases be

hastened by the addition of mercury.*

An important development of the Bohn-Schmidt reaction is due

to the discovery that de Lalande's reaction for producing Purpurin

from Alizarin (by oxidizing with Mn02 in sulphuric acid) can also

be utilized for the production of new dyes from certain polyhydroxy-

anthraquinones.f This reaction also consists in the introduction of

hydroxyl groups, diquinones being produced as intermediate products

in which the two quinone oxygens can be readily reduced to hydroxyls

by treatment with bisulphite :

. O OH

\AcoA/
II I

O *0H
Quinone of Alizarin cyanine R.

These diquinones show great reactivity and new colouring matters

have been produced from them, either by heating with ammonia or

by condensing with phenols in presence of concentrated sulphuric acid.

A further most important technical advance was made by applying

the Bohn-Schmidt reaction to nitrated anthraquinones ; the great

advantage of this lay in the employment of dinitroanthraquinone

(1:5 and 1:8) which is a very cheap raw material. This had been

used as far back as 1878 J for the production of blue dj^es but without

attaining any commercial success ; this only became possible as a

result of the investigations of the Badische Anilin- und Soda-Fabrik,

who applied in 1892 for a patent for the first dye to be produced by

this method. Originally the colouring matter Avas obtained by treating

* Fr. Pat. 348927 (By.); E.P. 27374/04; Chem. Ztg., 1906, ^91.

t D.R.P. 62018 and many additions ; E.P, 12715/90.

X D.R.P. G526; E.P. 2117/78 (Osterr. Alizarinfabriksges. Pribram & Co.
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1 : 5-dinitroanthraquinone with fuming sulphuric acid ; but later it

was found that the partially reduced dinitroanthraquinones were more
suitable for the purpose, as the reaction could then be carried out with

weaker acid and at a lower temperature. Further, the addition of

sulphur to the acid was found to be advantageous, as it forms sulphur

sesquioxide, S2O3, in cone, sulphuric acid which has a reducing action.*

A further important improvement was introduced by the Farben-

fabriken vorm. Fr. Bayer & Co., consisting in the addition of boric

acid to the mixture.f Later, use was made of this substance in the

other instances already discussed. In both cases its action is due
to the esterification of the hydroxyl groups which protects the dye
already formed from the further action of the sulphuric acid ; in

addition it is possible to use ordinary instead of fuming sulphuric acid,

and in many cases the whole course of the reaction is considerably

modified.

This discovery of the use of boric acid, which has found so many
successful applications in the dye industry, originated in the observation

of R. E. Schmidt that on oxidizing Alizarin or Alizarin Bordeaux by
means of arsenic acid and sulphuric acid, the arsenic ethers of these

hydroxyanthraquinones are produced ; it was then found that boric

acid possesses the power of forming ethers to a still greater extent,

the natural consequence being that the easily formed boric ethers

were used, or that boric acid was added to the reaction mixtures. J
By the action of sulphuric acid on dinitroanthraquinone water-

soluble ethers are first formed which are converted on heating with

ordinary sulphuric acid into technically valuable dyes insoluble in water.

These are blue mordant d3^es which come into commerce as " Anthra-

cene Blue."

The mechanism of this very complicated reaction was at first

quite inexplicable ; it was supposed that a reduction of nitro to amino
groups occurred, the latter being then replaced by hydroxyl groups

under the influence of the sulphuric acid, since the dyes finally obtained

contain no nitrogen.

It has been found by Gattermann and R. Schmidt that 1 : 5-dinitro-

anthraquinone is converted by gentle reduction in alkaline solution

into the corresponding dihydroxylamine, which, under the action of

sulphuric acid, is transformed into the isomeric diaminodihydroxy-

anthraquinone :

NO2 NHOH

\y^co/\/ .V
-->

NO2 NHOH NHo OH

• D.R.P. 87729 (B.A.R.F.) ; D.R.P. 96197 ; E.P. 17674/92 (By.). If more
sulphur be used dyes are obtained containing fewer hydroxyl groups.

t D.R.P. 79768 ; E.P. 14345/93.

X The simultaneous use of sulphur and boric acid is first described in D.R.P.
109613 (E.P. 16495/97) (B.A.S.F.).
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On very cautious reduction they were able to isolate a monohydroxyl-
aminonitroanthraquinone :

NHOH

/^VCO

X/Nco
NO2

Again in the method using sulphur sesquioxide, which is of such

great technical importance, the first product formed from the dinitro-^

anthraquinone, even at the ordinary tempera.ture, is the hydroxyl-

amine derivative. The course of the reaction is, however, modified to

a certain extent ; apparently one oxygen atom of the nitro group

migrates into the nucleus—as in the formation of Naphthazarine (see

later)—yielding a nitro-nitroso-hydroxyanthraquinone which is prob-

ably transformed into a quinone imine on reduction :

co/\/
NH

The amino groups finally formed are replaced by hydroxyl owing
to the hydrolysing action of the sulphuric acid.

Alizarin Green S, Alizarin Blue Green, and Alizarin Indigo-Blue
(B.A.S.F.) were the first dyes to be produced by Bohn's reaction

;

the starting-point for their manufacture is Alizarin Blue, they are there-

fore polyhydroxyanthraquinone-quinolines.

Alizarin Green consists chiefly of a sulphonic acid of a monohydroxy-
Alizarin Blue and, to a lesser extent, of a dihydroxy-Alizarin Blue.

An isomeric sulphonic acid of monohydroxy-Alizarin Blue forms the

chief component of Alizarin Blue Green, whilst Alizarin Indigo-Blue

consists mainly of a trihydroxy-Alizarin Blue, but contains also some
dihydroxy-Alizarin Blue and its sulphonic acid :

/\
OH OH

OH HO- /^V<^JOvX\_

xx^co
OH

Dihydroxy-Alizarin Blue.

OH

OH I N
I I

Trihydroxy-Alizarin Blue.

Fr. Bayer & Co. suggest the preparation of such polyhydroxy-

anthraquinone-quinolines by the reverse process, i.e. by taking poly-
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hydroxyanthraquinones such as Alizarin Bordeaux and converting

it into the corresponding anthraquinone-quinoline by nitration and
" quinolization."

Alizarin Bordeaux (By.).—This dye is prepared by heating dry
Alizarin with sulphuric acid containing 80 per cent, anhydride for some
time, at 30°-40° C. It is a dihydroxyalizarin (Quinalizarin) of the

following constitution :

OH OH

^COv/yoH

coAx
OH

Its aluminium lake is bordeaux-red, its chrome lake violet-blue.

In its purest form it is known as Alizarin Cyanine 3R.
As already explained, the formation of Alizarin Bordeaux (Quin-

alizarin) depends upon an oxidation process in which the para hydrogen
of the second nucleus is oxidized to hydroxyl, the oxidation taking

place in the presence of boric acid, the hydroxyl groups already present

or those produced during the reaction being protected by the formation

of boric esters.

As intermediate products in the reaction the very labile sulphuric

esters of the dyes are formed, e.g. in the present case : "-

OH SO2

"COnA/O

^co/\/
OH

the neutral ester of Alizarin Bordeaux which hydrolyses successively

to the acid ester and then to the dye itself.

Alizarin Cyanine R (By.) is produced by oxidizing a solution of

Alizarin Bordeaux with manganese dioxide and sulphuric acid ; it

is a pentahydroxyanthraquinone of the formula :

OH

OH

Its chromium lake is blue.

Anthracene Blue WR (B.A.S.F.) is a substance very similar to

Alizarin Cyanine, which is prepared from dinitroanthraquinone. Its
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chief component is a hexahydroxyanthraquinone of the following

constitution :

OH OH
•/\/CO\A/OH

Jio/\y^co\x
OH OH

The mechanism of its formation has already been discussed. By
the reducing action of sulphur sesquioxide 1 : 5-dinitroanthraquinone

is converted into 1 : 5-dihydroxylaminoanthraquinone which is then

transformed into diaminoanthrarufin :

NO2

/\/C0\/\

NO2

CO\X\

coAx

NH.OH
I

OH NH2

A/CO\A

\Aco/\/
HO.HN NHo OH

By further oxidation and sulphonation the quinone imine of diamino-

anthrachrysone disulphonic acid is formed :

NH
H03S\/\/C0x/'\/OH

HO/\/\cO'^\X\S03H
II II

NH

HOaSx/X/COvA/OH

H0/\ AcO'^Vx \SO3H
II I!

o

which splits off the ammonia to form the quinone which on reduction

(S2O3) and hydrolysis produces the hexahydroxyanthraquinone.

Spectroscopic analysis proves that the reaction does not proceed

uniformly, the technical products being usually mixtures of various

derivatives.

The same hexahydroxyanthraquinone may be produced in another

manner, e.g. from Alizarin or Purpurin by treatment with strong fuming
sulphuric acid at low temperatures or with concentrated sulphuric

acid at higher temperatures.*

An isomeric dye, known as Alizarin Hexacyanine,^ can be pro-

duced either from Alizarin Bordeaux or from Anthrapurpurin and has

therefore the constitution :

OH OH

HO\/VCOv/\/OH

V/NcoA/
OH OH

* D.R.P. 64418; E.P. 17712/90 (By.). t D.R.P. 66353 (By.;.



276 DYE CHEMISTRY

it affords somewhat greener shades than the hexahydroxyanthraquinone
discussed above.

Alizarin Cyanine G (By.).—This and similar dyes are produced
by the action of ammonia upon the substances formed during the prepar-

ation of Alizarin Cyanine, in particular upon the sulphuric esters already

referred to (cf. Alizarin Bordeaux) or upon the Anthradiquinones (cf.

Anthracene Blue). Such colours can also be prepared bj^ using

Flavo- or Anthrapurpurin instead of Alizarin as the initial material

They afford blue dyeings of a greener shade than the R brands of

Alizarin Cyanine.

The ZG brand, a polyaminohydroxyanthraquinone sulphonic acid,

can be used as an acid wool dye and gives very level shades fast to

light such as cannot be produced with acid dyes of other groups.

An analogous product is the beautiful Brilliant Alizarin Cyanine
G and 3G (By.).

Alizarin Cyanine Black (By.), which is very fast to light, also

belongs to this class.

Similar dyes may also be produced by the action of ammonia upon
the Alizarin Cyanines themselves. From their chemical character these

nitrogenous dyes appear to consist chiefly of aminohydroxyanthra-
quinones, and therefore form a transition stage to the acid dyes which
we shall next consider. Special attention may be called to the auxo-

chromic character of the amino groups, the importance of which was
probably first recognized in these cases.

There is a particularly large demand for the brands Anthracene
Blue WG, WB, Anthracene Dark Blue* and Anthracene Blue WGG
(B.A.S.F.).

All these dyes, which are produced from dinitroanthraquinone by
the action of fuming sulphuric acid of various strengths, with or without

the addition of sulphur and boric acid, are polyhydroxyanthraquinones

or polyaminohydroxyanthraquinones, and their sulphonic acids. It is by
no means improbable that the dyes are mixtures of various derivatives.

The various brands of Anthracene Blue and Alizarin Cyanine, which

are in some cases identical with one another, have the advantage over

the older Alizarin Blue of levelling better and of giving better penetra-

tion ; they also possess greater tinctorial power and are therefore

relatively cheaper.

(Dyes particularly suited for printing are said to be formed by
the action of formaldehyde and sulphites upon alkaline solutions

of tetra-, penta-, and hexahydroxyanthraquinones.f)

Similar colouring matters have also been obtained from anthra-

chrysone

:

qtt

HOxXyCOw^

I

OH
* This is a by-product in the preparation of Anthracene Blue and is therefore

very cheap. t D.RP- 192484 ; E.P. 28139/06.
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by the Farbwerke vorm. Meister, Lucius and Briining * by nitration,

sulphonation and reduction, and then heating the diaminoanthra-

chrysone-disulphonic acid with alkalis or acids : the products come
into the market as

Acid Alizarin Blue, and consist of polyhydroxyanthraquinone-

disulphonic acids ; thus, for example, the BB brand is a hexahydroxy-

anthraquinone-disulphonic acid of the following constitution :

OH OH

NaOaSx/ \/COn /^X /OH

H0/V/\C0/\/\S03Na
I I

OH OH

and is probably closely related to the brands Alizarin Cyanine WRS
(By.) and Anthracene Blue SWX (B.A.S.F.).

This colouring matter dyes wool from an acid bath in cherry-red

shades (which cannot, however, be utilized as such), and are then fixed

by chroming, the colour changing to blue.

If dinitroanthrachrysone-disulphonic acid be reduced by means
of sodium sulphide a dye is obtained, yielding green lakes with chrome
mordants, which is known as Acid Alizarin Green G (M.L.B.), and
probably possesses the following formula :

OH SH

Na03S\/\/C0\/\/0H

HOA^CO/X/'^SOaNa
I 1

. .

SH OH
On hydrolysis the two sulphonic groups are readily split o£P yielding

a substance :

OH SH

A/COy^/OH

Ho/\Aco/\/
SH OH

which gives green to black shades on chrome mordants.

By the oxidation of Rufigallol (1 :2: 3:5:6: 7-hexahydroxyanthra-

quinone) octahydroxyanthraquinone has been obtained by v.

Georgevics,f which is, however, worthless as a mordant dye.

Aminoanthraquinone Sulphonic Acids.

As a result of the discovery of the Bohn-Schmidt reaction a con-

siderable impetus was given to research in the anthraquinone dye

* D.R.P. 75490 ; E.P. 17543/93. f C^^em. Zentr., 1911, II. 645, 647.
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class, leading to further important developments which will be con-

sidered in this section in chronological order.

The first new dyes to appear may be collectively termed amino-

anthraquinone sulphonic acids, since they all contain sulphonic groups

and substituted or unsubstituted amino groups. Thej^ include violet,

blue and green acid dyes (a certain number also beihg mordant dyes),

and are therefore the first acid dyes of the anthraquinone series

—

leaving out of consideration for the moment the Alizarin Cyanine

G brands, Anthracene Blue, and Acid Alizarin Blue—giving dyeings

which combine the characteristic fastness to light of the anthraquinone

class with a brilliance and beaut}^ that had not hitherto been attained

in this group. At the present day, in spite of their relatively high

prices, they occupy an important place in wool dyeing, as in this class

of work there is an urgent demand for blue acid dyes fast to light.

The beauty of their dyeings is to be attributed to the presence

of the amino groups, the auxochromic value of which had not previouslj'

been adequately considered in connection with the synthesis of anthra-

quinone colours.

The discovery of Alizarin Saphirol by R. E. Schmidt * gave an

indication that the introduction of amino groups into the molecule

might prove to be of considerable value in this series of dyes : this

colouring matter is a diaminodihydroxyanthraquinone of the following

constitution NH2 OH
/\/<^0\/\/S03H

HOsS/V^CO/XX
OH NH2

and is produced from anthrarufin (1 :5-dihydroxyanthraquinone) by
successively sulphonating, nitrating, and reducing, though the processes

may be modified in various ways ; thus, for example, the reduction

and sulphonation may be carried out simultaneously by the use of

bisulphite.

The method of production of the dye may therefore be shown
as follows OH

/VCO\/\

\/^coAx
I

OH
NO2 OH

/\/C0\X\/S03,H

H03S/\/\coAy
OH NO2

OH
X\/C0\/^/S03H

HOssAyNcoAx
I

OH
NH2 OH

y\.C0Y\/S03H

H03S/\/^co\/
OH NH2

* D.R.P. 9G364; E.P. 12011/97 (By.).
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Alizarin Saphirol, Solway Blue (Sol.), Durasol Acid BlueB (Lev.),

Alizarin Delphinol (B.D.L.), afford blue shades on wool, dyed from

an acid bath, which are remarkable for their clearness and fastness

to light. The B brand nia}^ also be obtained by other methods, e.g.

bj' treating 4 : 8-dibromanthrarufin-2 : .6-disulphonic acid with ammonia
in presence of copper, the bromine atoms being replaced by —NH2
groups.*

Alizarin Saphirol C is a, B brand containing some violet dye ; the

SE brand is the corresponding ^-diaminoanthrarufin monosulphonic

acid.f

On heating ^-diaminoanthrarufin sulphonic acid with a solution

of methyl alcohol in 65 per cent, oleum the corresponding dimethyl-

diamino compound is formed which is an acid wool dye affording

clear greenish-blue shades of great fastness. { This dye Avould appear,

therefore, to be the dimethyl derivative of Alizarin Saphirol SE.

If the reduction of the dinitroanthrarufin disulphonic acid be carried

out by means of sodium sulphide a different colouring matter to Saphirol

is obtained of a blue-green shade. Alizarin Emeraldol (By.).§ As
this is transformed by acid-reducing agents into leuco-4:8-dithiol-

1 : 5-dihydroxyanthraquinone ||
it is very probable that the action

of sodium sulphide causes the nitro groups to be replaced by —SH
groups as mentioned in connection with Acid Alizarin Green ; accord-

ingly Alizarin Emeraldol may have the constitution :

SH OH

A/COv/X/SOsH

HOsS/Xy^O"
I I

OH SH

Alizarin Direct Blue EB (M.L.B.) and Alizarin Celestol (By.) are

similar to Saphirol both from the chemical and dyeing standpoint.

New colours may also be produced by treating aminoanthraquinone-

sulphonic acids with formaldehyde and bisulphites. This reaction,

first utilized by Prudhomme in the Magenta series, apparently intro-

duces a methylsulphonic acid radical into the amino group, or effects

simultaneously methylation and sulphonation.^

Sulphonated 1 : 4 : 5 : 8-tetraaminoanthraquinone is a blue-green

wool dye.** It may be prepared by dinitrating diacyl-1 :5-diamino-

anthraquinone and then reducing and sulphonating the 4 : 8-dinitro-

1 : 5-diaminoanthraquinone so obtained. If the reduction of the dinitro

compound is effected with the aid* of sulphites an hydroxylamino

derivative is first formed which is converted on treatment with acids

* D.R.P. 195139 ; cf. also D.R.P. 163677.

t D.R.P. 117892. X D.R.P. 288825.

§ D.R.P. 172576, 178840, 179671, 180016 ; E.P. 20359/05.

11 D.R.P. 188605. 11 D.R.P. 112115.
** D.R.P. 126804, 127341.
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into 1 : 4 : 5 : 8-tetramino-2 : 6-disulphonic acid which yields blue-green

shades.*

Dyes similar to Saphirol can also be obtained from Chrysazin,"f

such as

:

OH OH
H03S\/\/CO\/\/S03H

1

^CO^

NHo NH2

and also from 1 : 7-dihydroxyanthraquinone.

Alkylamino- and Alphylaminoanthraqutnone Dves.

The great technical value of Alizarin Saphirol offered an incentive

to the preparation of further anthraquinone dyes of this class which,

as the heading of this section indicates, contain the groups —NHA,
—NA2 or —NHAr (where A=Alkyl, Ar=aromatic nucleus).

As will have been noticed in considering the dyes already dis-

cussed above, the amino group has a far greater effect in altering

the shade of a dye towards blue than has the hydroxyl group.

This effect becomes even more pronounced if the amino groups are

substituted by alkyl groups and, most of all, if they contain aromatic

nuclei as substituents, the groups being termed alphylamino or aryl-

amino.

That this connection between colour and constitution follows a

general law can readily be seen if we compare the yellowish-red colour

of Rosolic acid with the bluish-red of Magenta, and these again with

the dyeings obtained with Methjd Violet and Rosaniline Blue. This

knowledge led only slowly to tangible results, however, in the anthra-

quinone series as, despite the best endeavours to obtain fast blue dyes,

little progress was made and considerable time elapsed before the

alkylamino- and even more valuable arylaminoanthraquinones could

be prepared.

• We may, perhaps, regard the dyes of D.R.P. 75076 (E.P. 7182/93)

(By.) as the precursors of this class, as it was then shown that the

a-aminoanthraquinones become bluer on alkylation.

We first find, however, in D.R.P. 86150 (E.P. 23927/94) of

the Farbenfabrik vorm. Friedr. Bayer & Co. (R. E. Schmidt), a

definite endeavour to produce Alphylidoanthraquinones ; according

to these patents such compounds may be prepared by heating hydroxy-

anthraquinones with aromatic amines in the presence of condensing

agents, boric acid proving itself particularly efficacious in this respect

(cf. intermediate formation of the reactive boric esters).

This is substantially the method used at the present time to produce

these compounds, though it has been found that not only hydroxy-

anthraquinones but other derivatives as well may be used, such as

* D.R.P. 135409. t D.R.P. 100136; E.P. 12011/97.
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anthraquinone compounds containing negative substitaents, e.g.

halogen, —NO2, —SO3H. It has been discovered that these sub-

stituents in the anthraquinone molecule show a surprising degree of

reactivity, due to the influence of the CO groups, particularly when
in the a-position. They can be readily exchanged for substituted

or unsubstituted amino groups, whereas in the benzene series such a

reaction is quite exceptional [e.g. in the case of chlorbenzene, and
then only when a nitro group is present either in the ortho or para

position (cf. p. 47)].

Substituents in the jS-position are considerably more resistant,

but may also be replaced by treatment under pressure. Thus, for

example, j8-aminoanthraquinone can be obtained by heating j8-anthra-

quinone sulphonic acid with ammonia under pressure ;
* with similar

treatment 2 : 6-anthraquinonedisulphonic acid yields first j8-amino-

anthraquinone sulphonic acid and finally 2 : 6-diaminoanthraquinone.

The a-derivatives are, however, far more reactive ; thus on heating

1 : 4-dichloranthraquinone with p-toluidine di-^-toluidoanthraquinone

is produced {Quinizarin Green) :

NH.C6H4.CH3CI

/\/COy\

X/^co"

CH3.C6H4.NH2
CH3.C6H4.NH2

Cl

/VCOx/\

\Ac(/\/
NH.C6H4.CH3

the same product is also obtained from 1 : 4-dihydroxyanthraquinone

(Quinizarin), 1 : 4-chlorhydroxyanthraquinone, 1 -hydrox3^-4-nitroanthra-

.

quinone or quinizarindimethylether.f

On allowing aniline to act upon 1 : 5-dinitroanthraquinone, it is

IJossible to effect the reaction by stages, 1 : 5-nitrophenylaminoanthra-

quinone and 1 : 5-diphenylaminoanthraquinone being formed in suc-

cession { :

NO2 NH.C6H5 NH.C6H5

/\/CO\A /\/CO\X\ /\yCON

V^co^\x
N02 N02 NH.CeHs

In the case of the replacement of halogen or hydroxyl groups

the mechanism of the reaction consists simply in the splitting off

of halogen hydride or water as the case may be ; with nitro groups
the reaction is more complicated ; according to F. Kaufler § a process

of diazotisation takes places on alphylation.

The ease with which the above-mentioned substituents can be
replaced by amino groups varies of course from case to case ; thus

* Preferably in presence of an oxidizing agent such as manganese dioxide (cf.

E.P. 21710/11).

t D.R.P. 205881; E.P. 11196/05. $ D.R.P. 126542; E.P. 9999/01.

§ Zeitsch. f. Farberi' und Textilcftemie, II. Heft 4.
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chlorine is more readily replaced than a nitro group, so that it is

possible to introduce various amino radicals into the anthraquinone

molecule in succession. If, for instance, we allow dimethylamine

to react with 1 : 5-dichlor-4 : 8-dinitroanthraquinone the following

substance is produced :

NO2 N(CH3)2

\/\coAs/ ^

N(CH3)2 NO2

in which we can then replace the nitro groups by other amine groups.*

If on the contrary we take 1 : 5-dihydroxy-4 : 8-dinitroanthra-

quinone the nitro groups can be replaced by —N(CH3)2, and we obtain

therefore 1 : 5-dihydroxy-4 : 8-tetramethyldiaminoanthraquinone. By
allowing aniline to act upon 4 : 8-dinitroanthrarufin dimethylether

we can obtain tetra-anilidoanthraquinone f :

CeHs.HN NH.C6H5

C0\/\

coAy
CeHs.HN NH.C6H5

beIf groups are also present in the ^-position these will not

replaced ; thus in 2 : 4-dibrom-a-aminoanthraquinone only the a
bromine atom will be replaced, the jS-group remaining unattacked J

NH2 NH2

/X/CO\/\/Br • /VCO\/\/Br
f- CH3.C6H4.NH2—

2

\/\co/\x
I

Br

\/^co/\y
NH.CbH4.CH3

Generally speaking, the amino group is also resistant to substitu-

tion, as may be seen from the above example, and from the following :

on replacing one nitro group in 1 : 5-dinitroanthraquinone bj' a p-

toluidine group and reducing, we get :

NH.C7H7

C0\/\

Vx^coAx
NH.2

* It is to be noted that on alphylating an alkylaminoanthraquinone a partial

splitting off of alkyl often occurs,

t D.R.P. 205881; E.P. 11196/05.
+ D.R.P. 126392; E.P. 19531/99, 7194/01.
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On bromination we obtain a compound dibrominated in the aminated

nucleus ; only the a-bromine will react with a further molecule

of ^-toluidine, the amino group and j8-bromine atom remaining

imattacked *
:

Br NH.C7H7
I I

/VCOv
C7H7.HN

Br/

+ CH3.C6H4.NH2

NH2

/VCO\X\

Br/\yNco/V
NHo

NH.C7H7
I

At the same time it is possible to alphylate the amino groups as

well under certain conditions ; thus a sulphonic acid of Quinizarin

Green may be obtained by the action of 2>-toluidinesulphonic acid

upon •p-diaminoanthraquinone f :

NHa

^.^\yCO.X\

x/
NH2

+ H2N.C7H6.S03H
+ H2N.C7H6.S03H

COx/X

NH.C7H6.S03H
I

I

NH.C7H6.S03H

and tetra-aminoanthraquinone reacts in a similar way with sodium
sulphanilate.J

It has, also, recently been discovered that meth}^ groups can

be introduced into the NH2 radical by adding an aminoanthraquinone

derivative to a solution of methyl alcohol in 65 per cent, oleum (which

presumably contains methyl sulphate) and then heating to 200°. By
this means 1 -aminoanthraquinone yields 1 -methylaminoanthraquinone
and so on.§

It was found, further, that the replacement of negative substituents

by amino groups proceeds more smoothly, especially in the case of

the hydroxyanthraquinones, if one starts not from these actual sub-

stances but from their reduction products. || Leuco compounds of

the dyes are thereby produced which are oxidized to the dyes them-
selves by atmospheric oxygen.

Hydroxyl groups in the anthraquinone molecule can also be more
readily replaced if they are substituted by aromatic radicals. Such
phenolic ethers, corresponding to the general formula Anq-o-Ar (where

Anq= anthraquinone, Ar= aromatic nucleus) have been prepared by
the action of phenols upon negatively substituted anthraquinones

in the presence of alkaline substances.

The most important examples of this class are the alphylamino-

anthraquinone dyes, particularly those containing both alkyl- and
alphyl groups. ^-Toluidine is frequently used for the purpose of

introducing an alphylamino group.

* D.R.P. 151152. t D.R.P. 172464. J D.R.P. 172464.

§ D.R.P. 288825 (By.).
||
D.R.P. 91149, 91150.
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These products are utilized as dyes only in the form of their sul-

phonic acids, which are easily obtained by sulphonation, frequently

even at the ordinary temperature, the sulphonic group entering the

alphylido group ; that this is, the case can readily be proved by the

fact that on heating with stannous chloride the groups are split off.*

Alphylidoanthraquinone sulphonic acids containing the sulphonic

group in the anthraquinone nucleus may be obtained if the jS-sul-

phonated anthraquinone derivatives be used for the synthesis. Certain

of these sulphonic acids find application in calico printing, for which

purpose they are more suited than the compounds sulphonated in the

alphylido radical, the latter being utilized almost exclusively for wool

dyeing.

The alkyl- and alphylaminoanthraquinone dyes at present known
contain the auxochromic groups in the a-position almost without

exception. The earliest examples were prepared from quinizarin (or

leuco-quinizarin), and are therefore 1:4- derivatives. The influence

of the substituting groups upon the colour may be seen from the

following examples f :

III.

Red. Violet.

V.

\y\)o
NH.Alphyl

Blue-violet.

VI.

NH. Alkyl

/X^COyX

NH.Alphyl
Greenish-blue.

NH. Alkyl
Violet.

NH. Alkyl

NH. Alkyl

NH.Alphyl

Green.

NH.Alphyl*

* U.S.P. 599426, 599427 ; E.P. 23927/94 (R. E. Schmidt) ; cf. also Friedlander

and Schick, Zeitsch. /. Farben- und Textilchemie, II. 429 ; III. 218.

t Cf. also pp. 256-7, 287.

j Dyes of the general formula IV, VI and VII are known as " Dyes of the

Quinizarin Blue and Quinizarin Green groups."
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Alizarin Irisol (By.), or Solway Purple (Sol.), is a violet-blue dye

of type IV of the above scheme, which is prepared by sulphonating

the condensation product from quinizarin and p-toluidine and has

the formula :

OH

NH.CeHs

Alizarin Irisol.

^CHs

\SO3H

Similar properties are possessed by Alizarin Direct Violet (M.L.B.)

and Alizarin Cyanol Violet R (C), which are produced from quinizarin

by the action of sodium ^J-toluidinesulphonate.*

It would appear that such d3^es are not fast to alkalis owing to

the presence of —OH groups, except in so far as they may be applied

in the form of their lakes. In Alizarin Saphirol, which is fast to

alkalis, the action of the —OH group is apparently inhibited by
the presence of a sulphonic group ortho to it.

Those dyes containing an amino group in place of the —OH group

are, however, fast to alkalis ; thus, a blue alkali-fast dye is produced

from 1 : 4-aminohydroxyanthraquinone by the action of p-toluidine

and subsequent sulphonation,f the bromine derivative of which (from

l-amino-2:4-dibromanthraquinone) is sold as Alizarin Pure Blue B
(By.) X :

NH2

/VC(K/\/Br

NH . C7H6 . SO3H

Alizarin Direct Blue B (M.L.B.) and Alizarin Cyanol (C.) are dyes

of similar composition but with the sulphonic groups in positions 5 or 8
;

to this group belong also Cyananthrol R and G (B.A.S.F.), which are

produced from methylanthraquinone, and Alizarin Astrol (By.) which

has a constitution corresponding to type VI (v.s.) :

NH . CH3
I

* D.R.P. 181879.

t D.R.P. 125666
;

J D.R.P. 126392 j

E.P.

E.P.

NH . C7H6 . SOsNa

21075/98, 5811/01.

19531/99, 7194/01.
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The following compounds are blue dyes with a more or less greenish
tinge :

NH.CH3 NH2

HO3S NH.CH3

NH . C7H6 . SO3H

t

y^-^AX\X\/-BT

HO3S NH . CH3

OCH3 NH . C7H6 . SO3H

HOaS^N^XCO^V
NH . CHs NH2

NH.C7H6.SO3H

/X/0

\y\)o
N(CH3)2

and may be obtained by the methods already indicated, but are

without much practical value.

A dialphylaminoanthraquinone belonging to t^^e VII (v.s.) is

Alizarin Cyanine Green (By.), or Kymric Green (Sol.) :

NH.CeHs

/VCOnX\

l^H.CeHs

.CH3

\SO3H

CH3

\SO3H

It can be prepared b^^ condensing leuco-quinizarin with two mole-

cules of ^-toluidine, oxidizing the leuco compound and then sulphon-

ating. It may also be produced from 1 : 4-dihalogenanthraquinones,

as already mentioned, or from 1 : 4-dialkylhydroxyetbers, the alkoxy

groups being exchanged for amino groups,^ and similar dyes may
be obtained from 1 : 4-dihalogenanthraquinone sulphonic acids by the

action of amines (e.g. _p-toluidine).**

* D.R.P. 205096, 205651 ; E.P. 15355/08. This colour is not fast to light and
is therefore without technical value.

t D.R.P. 205214. X D.R.P. 163646, 165140, 165139.

§ D.R.P. 201905. II
D.R.P. 174131.

^ D.R.P. 165278, 205881; E.P. 11196/05.
** D.R.P. 206645 ; E.P. 27187/07.
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Alizarin Direct Green G (M.L.B.) also belongs to this group, as

does Alizarin Brilliant Green G, SF (C), which is obtained from p-

diaminoanthraqiiinone by the action of ^-toluidinesulphonic acid,*

and is closely related to Alizarin Cyanine Green.

Green dyes also result on treating l-nitro-anthraquinone-6-sul-

phonic acid Avith aniline and then with halogen, and finally replacing

one halogen atom by p-toluidine, the product being a halogendialphyl-

idoanthraquinone derivative likewise belonging to this series, f known as

Anthraquinone Green GX (B.A.S.F.).

The presence of hydroxyl groups in the second nucleus has little

influence on the colour; for example, the colouring matter Alizarin

Viridine (By.) :

NH.C7H6.SO3HOH
HOx/\. CO

NH.C7H6.SO3H

prepared from Alizarin Bordeaux, is also a green colouring matter,

which is exceptional in dyeing green shades on chrome mordants
in spite of the presence of the Alizarin grouping in the molecule. It

is much used in calico-printing.

Other similar dyes of analogous constitution are Brilliant Alizarin

VirMine and Alizarin Cyanine Green 3G (By.).

If amino groups are present in the second nucleus of the anthra-

quinone nucleus, their influence on the colour is slight but noticeable

:

VIII. IX.

Alphyl.NH NH.Alphyl

A/COx/x /\/CO

\y\^o^\y

Red.

XI
Alphyl.NH

A/CO\X\

NH.Alphyl
X.

NH2 NH2

VcOxA

V/^co
NH.Alphyl

Violet.

(y\/
NH2 NH2

Blue.

XII.

NH.Alphyl Alphyl.NH
I

N(CH3)2
I

xAco/X/
Alphyl.NH NH.Alphyl

Green.

COx/X

\/^C0^\/
N(CH3)2 NH.Alphyl

Green.

Anthraquinone Violet (B.A.S.F.) is an acid dye corresponding to

* D.R.P. 172464. f I>RP. 151384.
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type IX and is obtained by heating 1 : 5-dinitroanthraquinone with

^-toluidine and subsequent sulphonation of the resulting product

:

CH3\ I

NaOsS/

/V^Ow^

/CH3

VACO
CeHs.NH

Dinitroanthraflavine disulphonic acid reacts with aniline to jdeld a

dye *
:

NH.CeHs

H03S\/\/C0

NH.C6H5

OH

\s03H

Erweco Alizarin Acid Blue R, an acid colour affording violet-

red shades which become deep blue on after-chroming.

Tetrabrom-1 : 5-diaminoanthraquinone reacts with aniline to give

a dianilidodibromtetraminoanthraquinone, which yields the corre-

sponding sulphonic acid on sulphonation and then forms the commercial

dye Anthraquinone Blue SR (B.A.S.F.)

:

HO3S.C6H4.NH NH-i

/\/CO\/\/Br

BT/\y\co^/
NH2 NH.C6H4.SO3H

The non-halogenated product can be made from tetra-aminoanthra-

quinone by the action of sodium sulphanilate in presence of stannous

chloride and boric acid.f

Whilst the dye corresponding to tyjje VIII yields red shades,

a colour containing an additional —NH2 group :

NH.C7H7 NH.C7H7

A/COvA

Br/V^COA/
NHij

—the preparation of which has been described—dyes blue to blue-

* R. Wedekind & Co., D.R.P. 235776.

t D.R.P. 172464.
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green according to the nature of the alphyl group ; similar colours

are exhibited by dyes of the general formula *
:

Alphyl.NH
/'\/C0

\y^co

NH>

NH2 NH. Alphyl

The tetra-alphylated compound dyes green shades ; tetra-^-

toluidoanthraquinone may be obtained from 1 : 5-dihalogen-4 :
8-

dinitroanthraquinone by the action of p-toluidine. Since the result

obtained is not noticeably different from that given by members of

the Quinizarin group, where two alphylido groups suffice to give a

green colour, it will be readily understood that the tetra-alphylated

derivatives are of less technical importance.

With regard to the mode of application of the dyes discussed in this

section it is to be noted that, with exception of Alizarin Viridine which
is used for calico printing, they are all acid wool dyes which combine
the fastness of the Alizarin colours with the brilliance of the aniline

dyes, though in many cases they do not level well.

The majority of these dj^es, however, are in addition mordant
colours to a certain extent since their dyeings may be developed by
means of chromium fluoride, the shade not being appreciably altered

but the fastness being increased. The explanation of this behaviour

must lie in lake formation, and is of interest since manj^ of the dyes

do not possess hydroxyl groups, so that the lake formation must pre-

sumably take place through the agency of the sulphonic or —NH
groups.

If hydroxyl groups are present the colour may be altered con-

siderably by chroming. Thus Quinizarin Blue '\ :

NH.CeHi.SOsNa

yields reddish-blue shades from an acid bath which on chroming are

converted into greenish-blue fast to milling ; again the compound

:

OH

* D.R.P. 125578; E.P. 5811/01.

11

/OCH3

NH.C6H4.CH3

t D.R.P. 86160 ; E.P. 23927/94,
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dyes red shades in the form of its sulphonic acid, which become green

on chroming.*

Recently, also, it has been found possible to obtain wool dyes by
sulphonating certain bodies possessing condensed nuclei, and their

cyclic derivatives, which serve as intermediates for the manufacture of

vat dyes (q.v.).

An important example of this is Alizarin Rubinol R (By.), which
dj^es red shades and is obtained by sulphonating 4-^-toluido-l-methyl-

anthrapyridone f :

CO

HC N-CH3

Vy;o\/
NH.C6H4.CH3

This cj^clic compound is obtained by closing the ring in 4-brom-
1-methylacetylaniinoanthraquinone and so forming the pyridone

derivative

CO . CO
/ \

HC H:^ NCH3

^ivXX

\/^C0^\/
I

Br

NCH3

4-Broin- 1 -methylpyridone.

which yields the _p-toluido compound on treatment with ^-toluidine

in the usual manner.

Similar acid dyes, varying from red to violet, are also produced
from p-chloranthrapyridone by the action of amines and subsequent

sulphonation.J

A red dye may be prepared from 4-bromanthrap3Tidone and
methylamine under pressure, with subsequent sulphonation

; § the

sulphonated 4-tol3^1amino-2-chloranthrapyridone (from 2 : 4-dichlor-

anthrapyridone and ^-toluidine) being also red.
||

The condensation

product from 4-amino-l-anthrapyridone and 4-bromanthrapyridone
yields a blue-violet acid dye on sulphonation.^

Green wool dyes are formed by condensing halogenated ketones

with aminoanthraquinones and sulphonating the products.** This

* D.R.P. 158257. f D-RP-
t D.R.P. 201904 ; E.P. 486/08.

II
D.R.P. 205096; E.P. 19172/07.

** D.R.P, 220579 ; E.P. 9888/09.

192201 ; E.P. 28765/06.

§ Fr. P. 372676.

H E.P. 13686/07.
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reaction may also be extended to diketones and phenanthraquinone
derivatives.*

On heating a mixture of a halogenanthraquinone and arainoanth»a-

quinone with a copper salt and a suitable diluent, such as nitrobenzene
or naphthalene, dianthraquinoneimides are obtained, f e.g. 1-amino-
2-methyl-4-chloranthraquinone yields :

NH

CO/\X
CI

Its sulphonic acid is a fast blue wool dye.

4-Aminobromanthraquinone-3-sulphonic acid condenses with
potassium chloroanthranilate to yield the potassium salt of 4-amino-
l-^-chloro-o-carboxyanilidoanthraquinone-3-sulphonic acid (I), which
on heating with oleum is converted into an anthraquinoneacridone
sulphonic acid (II) which dyes fast green shades from an acid bath f :

NH2

-SO3H

COOH
NH I

NH2
I

N-SOaH

\/\

\y Cl II V01

Fast blue wool dyes are produced by condensing anthrdquinone-

2-sulphonic acid with aniline or ;p-toluidine, again condensing the

jS-arylaminoanthra(iuinone with the same or a different base in presence

of an oxidizing agent and then sulphonating the product. § The

unsulphonated products have the general formula :

-NH\

-NX/

* D.R.P. 222205, 222206 ; E.P. 9888/09, 13323/09.

t D.R.P. 162824 (By.); Chem. Zlg., 1905, 113.S, and Fr. P. 357138 (B.A.S.F.);

Chem. Ztg., 1906, 67.

I D.R.P. 287615; E.P. 17764/14.

§ E.P. 3347/15, 100580, 100581 (B.A.S.F.).
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where X and Y are respectively monovalent and divalent aromatic

radicals.

a-Arylaminoanthraquinones substituted bj'^ an acylamino group

in the 'para position readily oxidize to substances containing a carbazole

grouping, such as :

\/^coA/
RNH.Ac

the products, which are vat colours, yield acid wool dj^es on sul-

plionation.*

Basic Anthraquinone Dyes.

The Very thorough investigation of this class of colours by the

dye-works has led, as will have been seen, to the production of a large

number of new anthraquinone derivatives, and has also indicated

the possibility of preparing basic anthraquinone dyes ; for this purpose

the primary amino compounds hardh^ enter into consideration, since

their basic character is too slight, owing to the negative influence

of the CO groups. The most strongly basic of these derivatives are

the alkylpolyaminoanthraquinones, the salts of which are stable

even in dilute aqueous solution.

The preparation of these substances has already been explained
;

they are obtained from a-substituted CI, OH and SO3H derivatives

by heating with mono- or dimethj'^lamine under pressure, the groups

being replaced step by step if necessary. A considerable number
of these compounds have been described in recent patent literature

;

for the most part they are dark brown-red to green substances which

form colourless salts. The alphylated aminoanthraquinones, however,

do not possess any basic character.

Quite lately further attempts have been made to produce useful

basic anthraquinone colours by the addition of an " external " strongly

basic ammonium group. Two chief types of these compounds have

been described similar to (t) and (II) :

/\.COv^

II I

C NH
CsHsx /\ /

)N CO
cr

and
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Anthraquinoneoxazines.

Anthraquirioneoxazines of the type :

CeH"-^
NHn

\ y^'^'

were first obtained by the Farbenfabrik vorm. Fr. Bayer & Co.

by oxidizing l-alphylido-2-hydroxyanthraquinone. Another method
invented by the Farbwerke vorm. Meister, Lucius und Brtining consists

in condensing Alizarin derivatives hydroxylated or aminated in the

4-position, e.g. Purpurin, with o-aminophenols in presence of boric acid.

The antliraquinoneoxazines can apparently be used as dyes only
in the form of their sulphonic acids ; the above condensation product
from l-alphylido-2-hydroxyanthraquinone and that prepared from
Purpurin yield acid colours on sulphonation, which dye violet shades.

To this group belongs Alizarin Blue-Black (By.), obtained from
Purpurin and ^^-toluidine with sulphonation of the product.

Anthraquinone derivatives may also be obtained by the condensation

of reduction products of anthraquinone (e.g. Anthrol) with aldehydes.*

It is possible that these compounds possess a similar constitution to

Benzoin Yellow (B.A.S.F.), which is produced on condensing benzoin,

CeHs.CHOH.CO.CeHs, with gallic acid by means of sulphuric acid.

Graebe has given the following scheme for the formation of the dye

:

CeHs CeHs

CO:H

H

OH!

/OH

C- -0

I

/V c \X\/OH

\/^iH HO:OC/\/\OH
Tautomeric form of Benzoin.

V^coXJ
+3H2O

\0H
Benzoin Yellow.

The dye is, however, of very little practical value.

Finally, it may be noted that anthraquinone derivatives have
been used in recent years for the production of azo dyes ; their chief

use being for the manufacture of lakes.

Naphthacenequinones.

In connection with the anthraquinone dyes, mention may be
made of a class of compounds discovered bj'' S. Gabriel and
E. Leupold f which are derived from naphthacenequinone :

/Vco\/\/\

the parent hydrocarbon being known as naphthacene :

* Fr. P. 355929 (B.A.S.F.); Chem. Ztg., 1905, 1253. t Ber., 31, 1272 (1898).
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Chr. Deichler and Ch. Weizmann have worked out a method for

preparing such bodies, which is capable of commercial application.*

Phthalic anhj^dride is heated with a-naphthol and concentrated sul-

phuric acid in presence of boric acid, the first product being a derivative

of benzoylbenzoic acid, which then closes up to yield the hydroxy-
naphthacenequinone :

OH OH

/VCOx/\X\

\y\^o'\/\y\/\COOH
Its sulphonic acid dyes wool yellow shades.

An isomer of naphthacenequinone is naphthanthraquinone

\/^co/\y\

which has been introduced into commerce as Sirius Yellow G (B.A.S.F.),

being utilized as a lake. It is prepared by condensing phthalic anhy-

dride with naphthalene and subsequent closing of the ring of the

naphthoylbenzoic acid by means of concentrated sulphuric acid.

Sirius Yellow is a greenish-yellow substance of m.p. 173°, insoluble

in water

Ber., 36, 547 (1903); D.R.P. 134985; E.P. 9038/02.
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Alizarin Yellow (B.A.S.F.).—The various brands of this dye are

produced by the condensation of pyrogallol with different acids such

as acetic acid, benzoic acid, salicylic acid, etc. Thus, the brand
" C," which is also known as Gallacetophenone, is obtained by the

action of acetic acid on pyrogallol in the presence of zinc chloride ;

CH3COOH+C6H2H(OH)3 = CH3.CO.C6H2(OH)3+H20
Acetic acid. Pyrogallol. Alizarin Yellow C.

(Trihydroxyacetophenone.)

These dyes are somewhat fugitive to light.

The " ^ " brand is prepared by condensing pjTogallol and benzoic

acid (or benzotrichloride in presence of aqueous 90 per cent, alcohol,

its composition therefore corresponds to a formula :

C6H5.CO.C6H2(OH)3

Similar yellow mordant dyes have been prepared by Noelting

and A. Meyer by condensing resorcinol, pyrocatechine, and pyrogallol

with protocatechuic acid and gallic acid.

By condensing pyrogallol with phenjdacetic acid Noelting and
Kadiera * obtained a ketone :

C6H5.CH2.CO.C6H2(OH)3

and from this the corresponding diketone was prepared :

C6H5.€O.CO.C6H2(OH)3

They are yellow mordant dyes which exhibit only slight differences

in behaviour from the monoketonic derivatives.

V. Georgevics obtained a digallacyl :

(H0)3 . C6H2 . CO . CH2 . CH2 . CO . C6H2(OH)3

by condensing together succinic anhydride with pyrogallol in presence

of zinc chloride ; it is a colourless body which dyes yellow shades

on an aluminium mordant.

* Ber., 39, 2056.
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The colouring matters belonging to this group are devoid of practical

importance but possess, nevertheless, considerable interest owing to

the fact that certain natural colours belong to the Xanthones and
also that the important class of the Flavones, which will shortly be
considered, have many analogies with the Xanthones.

The constitution of xanthone and its relationship to xanthene
has already been discussed (p. 215).

The oldest dye of this group and the only one which has found
practical application is known as Indian Yellow, Piuri, or Purree. It

is prepared in Monghjrr in India from the urine of cows which have been

fed upon mango leaves ; the urine is heated and the dye which separates

out is filtered off, and made up into balls. It is used as a pigment for

painting and has in addition the power of combining with mordants.

The chief constituent of Piuri is the magnesium salt of Euxan-
thinic acid, a compound similar to the glucosides which, on treatment

with acids, splits up into glycuronic acid, and Euxanthone ; the latter

constitutes the real chromogen in Puiri and is, according to Graebe,

a dihydroxyxanthone.

Euxanthone itself is not a dye. Its two hydroxyls behave differently

to each other, only one of them being capable of easy alkylation
;

the monoalkylethfer which results is j'-ellow and insoluble in alkalis.

By a somewhat roundabout way it is possible to prepare an isomeric

ether which is colourless and easily soluble in alkalis.

These differences are obvioiisly due to the different positions

occupied by the hydroxyls. v. Kostanecki and Dreher have shown
that in hydroxyxanthones tihe —OH group ortho to the carbonyl is

far more difficult to alkylate than in any other position,* and they

therefore ascribed the following formula to euxanthone :

OH

HOx/VCOvA

V^o^^X/
The synthesis of euxanthone by Graebe confirmed its formula as

a dihydroxyxanthone : he obtained it by treating a mixture of j3-

resorcinic acid and hydroquinonecarboxylic acid with acetic anhydride :

* It has been shown by A. G. Perkin that in certain cases the second hydroxy
group can also be readily alkylated if a large excess of the reagents be employed

[cf. Trans. Chem. Soc, 103, 1632 (19J3)].

896
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this method, however, affords no criterion for deciding between the

older formula of Graebe and that of Kostanecki, The correctness

of the latter was shown by Ullmann and Panchaud, who synthesized

euxanthonedimethylether from o-chlormethylsalicylic acid and hydro

-

quinonemethylether.*

According to Kostanecki and Nessler euxanthone may be obtained

from hydroquinonecarboxylic acid and resorcinol ; if phloroglucinol be
used in place of resorcinol, Gentisein is formed which was first prepared

by Kostanecki and Tambor. It is a trihydroxyxanthone of the formula :

HO
OH

0\A

0/\/\0H
Its monomethylether is Gentisin, the yellow colouring matter of

Gentian root. It is noteworthy that although Gentisein contains no
hydroxyl groups in the ortho position it nevertheless dyes yellow

shades on alumina mordants.

Xanthones may also be formed from hydroxj^ketones by splitting

off water, a process which possibly occurs in nature ; thus salicylic

acid and pyrogallol condense to form tetrahydroxybenzophenone
which on heating with water yields dihydroxyxanthone :

^CO^

/\/\0H
o;h oh;

(^jj

Tetrahydroxybenzophenone.

/VC^\/\

\A /\/\0H
OH

Dihydroxyxanthone

.

H2O

Xanthone itself results on boiling salicylic acid with acetic anhy-
dride :

/\/COiOH Hiooc;

XAoiH HOD =
/VCO\/\

\/\oA/
CO2+2H2O

A whole series of xanthones derived fron benzene, naphthalene
and quinoline have been prepared, chiefly by Kostanecki, and also

polyxanthones such as :

)0v/\/C0w-\

o/\^o/\/
A tetramethyldiaminoxanthone has been obtained by Biehringer f

by oxidation of the corresponding pyronine. The substance is not
red as might be expected but is coloured faintly yellow, dissolves to

a yellow solution in cone, sulphuric acid with a blue fluorescence,

and stains the skin yellow,

* Ann., 350, 108. f Journ. f. prakt. Chem., Neue Folge, Bd. 64, 235.



FLAVONES

Including Flavonols, Chromones, Brazilin, Haematoxylin,
Benzopyranols, and Anthocyans

The above name was first introduced into chemical literature in

1895, being then proposed by St. von Kostanecki to denote a system
of atomic grouping, which at that time was entirely hypothetical, but
which he assumed to exist in certain natural dyes. At the present time,

thanks to the labours of Kostanecki and his followers, the Flavones con-

stitute one of the most important and interesting classes of dyes known.
Kostanecki succeeded ultimateh^ in synthesizing several natural yellow

flavone-colouring matters such as Chrysin, Apigenin, and Luteolin.

In the course of his admirable researches he was also able to prepare

Fisetin, Quercetin and Morin, which belong to the Flavonole class and
are therefore closely related to the Flavones.

The starting-point of these researches was formed by Chrysin, a

yellow dye discovered by Piccard in poplar buds, and which this

worker subjected to careful experimental examination.*

Piccard found that Chrysin has the empirical* formula C15H10O4,

and that, on being boiled with potash, it splits up into phloroglucinol,

benzoic acid, acetic acid, and acetophenone. The possibility was
thus afforded of constructing constitutional formulae for Chrysin by
means of which the hydrolysis by alkalis could be explained.

Von Kostanecki suggested as formulae :

0H\/\/0\ 0H\/\/0\
CO

I

C and TI.

\/\C^

C-CeHs

I J
CH

Ny^CQ/
OH

i

OH
CeHs

DihycJi-oxy-jS-phenylcoumarin.

Both formulae contain two hydroxyl groups, which stand in apparent

contradiction to the fact, discovered by Piccard, that only a single

hydroxyl could be detected in Chrysin by alkylation. Von Kostanecki,

however, recalled the circumstance that, in the case also of the Xan-
thones, one h3^droxyl is frequently more difficult to alkylate than

the others, especially when in the ortlio position to the carbonyl group.

Similar instances of difficulty in alkylating a hydroxyl group have
also been confirmed by Herzig in the case of several natural dyes.

Selection between the two above formula} was not difficult, since

Kostanecki was able to show, by synthetical means, that a substance

composed according to No. T is very different to Chrysin.

* Ber., 6, 884, 1160 (1873); 7, 888, 1485 (1874); 10, 176 (1877).
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The hydrolysis of Chrysin into phloroglucinol, benzoic acid, acetic

acid, and acetophenone, can be explained in a very satisfactorj^- manner
by formula No. II, as may be seen from the following :

,

C-C0II5

(1) CH

-> HOOC.CeHs

Benzoic acid.

/X«^\
OH\/\/OH

OH
Phloroglucinol.

CH3

dooH
Acetic aeid.

OHx/\/0\

(2)

i\C

C^iHs CeHs
I

CO

V/XCO/;
I

OH
For the atomic complex :

iSC—<i'

Water. Acetophenone.

V aCH
^co/

von Kostanccki suggested the name Flavone, and the notation shown
above. Chrysin is therefore a dihydroxyflavone.

The atomic complex containing two additional hydrogen atoms :

A^ CH.CeHs

CH2
V/\co/

was termed by Kostanecki, " Flavanone."

The first experiments on the synthetic preparation of such Flavones

were published by P. Friedlander and his pupils. Friedlander and
Riidt found that o-hydroxychlor- (or brom-) acetophenone,

or the alcohol,

^^^^COCH^Cl

pxxOH
'"«'^*C0.CH20H

prepared therefrom by the aid of alkali, could be readily condensed
with aldehydes to substances, which their discoverers at first

regarded as Flavones. It was soon ascertained, however, that the
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products thus obtained were not Flavones, but derivatives of the

body /

O

C6H4 CH2
\co/

" Ketocoumaran, and von Kostaneckiwhich Friedlander named
" Coumaranone."

Several of the hydroxyl derivatives of Ketocoumaran, prepared
by Friedlander and his pupils, are orange-yellow mordant dyes.

True Flavones were first prepared by von Kostanecki and his

colleagues, their structure being indicated by their behaviour with
alkalis as already noted in the case of Chrysin. They differ, further,

from the Ketocoumarans by dissolving to a pure yellow solution,

with blue fluorescence, in sulphuric acid, whereas the others form
mostly orange-yellow solutions without fluorescence.

Synthesis of Flavone.—o-Hydroxyacetophenone is first condensed
with benzaldehyde to a benzal compound :

/\-0H /\-0H

\y~COCH"
+C0 H . CeHs =

\y-CO.CH=CH.C6H5
-fHsO

which is then acetylated, and afterwards brominated, the following

substance being produced :

/^-O.COCHs

"v^-CO.CH.Br.CHBr.CeHs

and this in turn, when treated with alcoholic caustic potash, furnishes

Flavone :

CO.CH3

/V /CeHs
CHBr

I

+H2O =
CHBr

\/NCO/

C— CeHs
II -fCH3COOH+2HBr
CH

\/\co/
Flavone.

On hydrolysis with potash, Flavone yields salic3^1ic acid, aceto-

phenone, hydroxyacetophenone and benzoic acid :

/N/ O \ /\/0H
C-CeHs

II
+H2O =

CH
\/\co/

/\/0H

\/\co-
Salicylic acid.

\/\C0.CH=C(0H).CeH5

CH2-CO-C6H5
Acetophenone.'

and

NCO-CHs-
Hydroxyacetophenone.

CO-CeHs
Benzoic acid.
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Another simple and ingenious synthesis of Flavono has recently-

been described by Simonis,* who condensed benzoyl -lactic ester with
phenol by means of phosphorus pentoxide, Flavone being produced
directly

:

OH H0\
C— CeHs

/\/0\
+

^\H ROCO/
CH

C— CeHs

\y
CH

\co/

+ H20

4R0H
Flavone is a substance very similar to Xanthone ; it forms colour-

less crystals, which dissolve in concentrated sulphuric acid to furnish

a yellow solution with faint blue fluorescence.

It is very interesting to note that Flavone itself occurs in nature,

as it has been shown by H. Miiller f that the characteristic dust,

termed by gardeners " meal " or " farina," which is found on the
flower stalks, leaves and seed-capsules of many varieties of the primula
(e.g. P. pulverulenta and P. japonica) consists entirely of Flavone.

Dijiavone :

/ \/N. / \
CeHs-C

I I

C-C6H5
II II

CH CH
\co/\/\co/

has been prepared by Ryan and O'Neill. In its general properties

it resembles Flavone.

A whole series of hydroxyflavones has been prepared by analogous
methods to that given above.

In many cases, however, the methods described lead to the formation
of other compounds, namely, Coumaronone derivatives :

0.

C=CH^ (Indogenides, q.v.) '

y\co
~

Nitroflavones and aminoflavones are formed on nitrating flavone

and reducing the isomeric nitro bodies formed. They are yellow in

colour in distinction to the corresponding hydroxy derivatives which
are white. On diazotizing the amino compounds and coupling with

^-naphthol orange to red azo dyes are formed J :

/\/0\
C-CeHs

/\/0\

\/\co/
Flavone.

CH

C-C6H4.N02(NH2)
II

CH
\/\co/
Nitro-(amino-)flavone.

A general method for the preparation of hydroxyflavones consists

in combining an alkyloxyacetophenone, which contains an alkyloxy

* Ber., 47, 2229 (1914).

t Trans. Chem. Soc, 107, 872 (1915).

X M. T. Bogert and J. K. Marcus, /. Am. Chem. Soc, 41, 83 (1919)
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group in the oriho position to the acetyl group, with the ester of an

aromatic acid by heating with metallic sodium, a diketone being

formed :

\/O.Alk

/\C0-CH2-C0-(^

which is then heated with hydriodic acid.

With the aid of this reaction v. Kostanecki succeeded in synthe-

sizing the three yellow plant colouring matters, Chrysin, Apigenin

and Luteolin, as well as other hydroxyflavones.

Synthesis of Chrysin (v. Kostanecki, Tambor and Emilewicz) *
:

CH30\/\/OCH3

H
OCH3

Phloracetophenone trimethyl ether.

CH30\/\/OCH3

+ JC2H5OOC-O
Benzoic ester.

\/\C0CH9 . C0-<^ y
OCH3

+C2H5OH

CH.

CH30\^/0
CO-<I>

0H\/\/ \

\/\co/
OCH3

CH2 HI

II ^ /

CH
\/\C0/
OH

Chrysin.

Apigenin is a yellow dye which is formed by decomposing the
glucosido Apiin which occurs in parsley. It was identified by A. G.
Perkin as a trihydroxyfiavone and the following formula attributed

to it

:

-<3-0H/0\
c-<

CH

OH

according to which it must be regarded as an hydroxychrysin : the

correctness of this view was confirmed by v. Kostanecki, Tambor

* Bcr., 32, 2448 (1899).



FLAVONES 303

and Czajkowski, who synthesized the colouring matter in a manner

similar to that used for producing Chrysin, anisic ester

C2H5O . C0-<(^ ^0CH3

being used instead of benzoic ester.

Apigenin, like Chrysin, is a very feeble dye yielding yellow to

brown shades on mordanted wool.

Luteolin has been investigated by a number of workers ; but we
are mainly indebted to the labours of A. G. Perkin * and J. Herzig

for the elucidation of its constitution. Decisive information in this

respect was afforded by its behaviour on alkylation, and when fused

with potash. The empirical formula of Luteolin was shown to be

CisHioOe (Hlasiwetz, Pfaundler, Perkin), and it was found to form,

on alkylation, yellow trialkyl derivatives, which are transformed

into white trialkylmonoacetyl products on acetylation. The presence

of four hydroxyl groups in Luteolin was thus established. When
fused with potash it furnishes phloroglucinol, pyrocatechuic acid

(Rochleder and Breuer), and acetopyrocatechol (Perkin) :

OH

A-OH

I

COCH3

On the basis of these facts, and on its similarity with the flavones,

A. G. Perkin explained Luteolin as a tetrahydroxyflavone, and gave

it the following formula :

I J
CH OH

\/\co/
I

OH

The accuracy of this formula was confirmed by the synthesis of

Luteolin, effected by von Kostanecki, Tambor, and Rozycki, on the

same lines as the synthesis of Chrysin, veratric ester,

/OCH3

C2H5 . 00C-<^ ^-OCHs

being used instead of benzoic ester.

* Trans. Chem. Soc, 77, 1322 (1900).
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A third method for the preparation of hydroxyflavone* * may
be seen from the following example :

/\/0H /V^H
CH.OH.CoHs

+H.OC.C6H5

CH30/\y\C0/
CH2

CH30/\/\COCH3
Quinacetophenone- Benzaldehyde.
monomethylether.

^ ^ CH.CeHs

CH2
CH30/\/\C0/

2-Methoxyflavanone.

The 2-methoxyflavanone thus obtained can be converted into the

corresponding flavone by introducing a bromine atom and then

removing hydrobromic acid by heating with alcoholic potash.

The applicability of this method is limited to the synthesis of those

flavones (or flavanones) which contain a hydroquinone radical. If

it be used with acetophenones derived from resorcinol or phloroglucinol,

benzal compounds, the so-called " Hydroxychalkones " are formed,

of the type :

\/0H

/\CO.CH-CH^

Their importance lies in the fact that they led to the synthesis of

the first representatives of the important

Flavonols.

These are compounds containing the grouping :

C . CeHs
II

C(OH)
\y\co/

which V. Kostanecki long ago suggested might be the parent substance

of a series of important yellow plant colouring matters such as Fisetin

and Quercetin.

The Flavonols differ from the Flavones in that the hydrogen of

the y-pjTone ring of these compounds is substituted by hydroxyl in

the former, but not in the latter case.

The first flavonol was obtained by v. Kostanecki and V. Lampe f
in the following way : Flavanone, already mentioned, forms an iso-

nitroso compound on heating with amyl nitrite and hydrochloric

acid in alcoholic solution :

* V. Kostanecki, Levi and Tambor, Ber., 82, 326 (1899).

t Ber., 87, 773 (1904).
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CH.CeHs

CH30/\y\C0/

/^/0\
CH.CeHi:

C=NOH
CHsO/X/XCO/

Jsonitrosoflavonone.

which is converted on boiling with dilute sulphuric acid into the

corresponding flavonol derivative :

C.C6H5

C(OH)
CHsO/V/xcO-/

»

from which 2-hydroxyflavonol may be obtained on demethylating

by means of boiling hydriodic acid.

Flavonol has also been obtained in a similar manner.*

We have here then an important method for transforming fiavonones

into flavonols ; it cannot, however, be used directly for the synthesis

of Fisetin, Quercetin and other plant colouring matters, since the

flavanone requisite for the synthesis of 2-hydroxyflavanol can only

be obtained by a route which, as already mentioned, is not applicable

to acetophenone derivatives derived from resorcinol or phloroglucinol.

But, as we know, investigation has shown that the yellow plant colours

in question contain such resorcinol or phloroglucinol radicals.

V. Kostanecki, however, succeeded also in effecting a synthesis

of these dyes : the o-hydroxychalkones obtained by condensing

aldehydes with the acetophenone derivatives derived from resorcinol

and phloroglucinol,

\/0H

/\CO.CH=CH.C6H5

yield colourless bodies on boiling with dilute acids, which are probably
formed by the addition of a molecule of water :

\/0H

/\C0-CH2-CH(0H) . CeHs

if these products be boiled with absolute alcohol the desired flava-

nones are formed with elimination of water.

From these the corresponding flavones may be obtained by bromi-

nating and heating with alcoholic potash, as in the case of 2-methoxy-
fiavanone, and the flavonols by nitrosating and boiling with acids.

By these means v. Kostanecki and his co-workers have synthesized

Luteolin, Chrysin and Apigenin and also effected the synthesis for

the first time of the various dyes which follow.

V. Kostanecki and Szabranski, Ber., 37, 2819 (1904).



306 DYE CHEMISTRY
Synthesis of Fisetin (v. Kostanecki, V. Lampe and J. Tambor) *

C2H5O-/YOH /OCH3

I +HOC-/ S-0CH3 --
\/\C0CH3 ^

Resacetophenone ethyl ether. Veratric aldehyde.

C2H5O-/VOH
^

/OCH3

\/\CO.0H = CH-<(^^ ~\-0CH3 boiled with acid —

^

OH

i

CH2

/OCH3

OCH3 boiled with absolute

alcohol

^-xio^ r >i OH-Y \-0CH3 nitrosated

\/\co/
CH2

/OCH3

H-/ \-OCH3 boiled with acid

C=NOH

C2H5O-/N/ ^ \
C-

x/\co/
C(OH)

/OCH3

OCH3 boiled with hydriodic acid

/OH

-OHH0-/\/0\_

C(OH)
\/\co/

Fisetin.

In a precisely similar manner v. Kostanecki, V. Lampe and J
Tambor have prepared synthetically Quercetin,^ Kaempferol, Galangin

and Morin % :

* Ber., 37, 784 (1904). t Ber., 37, 1402 (1904).

X Ber., 39, 625 (1906).



FLAVONES 307

OH
HO\/-v/0\ /

\/\co/
I

OH
Quercetin.

II
^ ^

C(OH)

OH
H0\/\/ \

CD-OH

V/\co/
I

OH

C(OH)

Kaempferol.

H0\/\/ \
C- y

HOv/\/ \
OH

I

V/\co/
I

OH

C(OH)

C--o- -OH

\/\co/
OH

C(OH)

Oalangin. Morin.

and a whole series of other hydroxyflavonols.

From the point of view of their dyeing powers we may note that
II

the group —CO—C(OH), which they possess in common, gives them
mordant dyeing properties ; the flavones like the fiavonols yield

yellow to brownish-yellow shades with alumina, tin, and chrome
mordants.

This fact explains how it is possible for Morin and Resomorin
(which contains one hydroxyl group less) to possess mordant-dyeing

properties, though neither dye has hydroxyl groups in the ortho position.

The colour of the free compounds is also of interest : Fisetin is

yellow, whilst Morin is practically colourless. The —OH oriho to

the —CO— group behaves differently from the remaining hydroxyls,

for whilst the colour remains practically unchanged on alkylating the

latter, on effecting a complete alkylation—which takes place only

with some difficulty—the colour disappears.

It is possible that in these compounds tautomerism may exist * :

OH OH
HOv 0\

c-
HOn

/
-OH

0\H

C-OH

^\
c-

\ /' OH

OH

CO
\/\co/

I

OH

Much time and energy has been expended upon the investigation

of the above yellow plant colouring matters which are now recognized

as being Fiavonols. It required the labour of many skilled investi-

gators for a number of years to provide the necessary basis for the

later brilliantly successful synthetic work of von i^ostanecki.

As it is very instructive for the student of this subject to learn

the manner in which we have gradually attained to our present know-

* C£. J. Herzig and Klimosch, Monatshejte, 80, 527.
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ledge of the composition of these interesting compounds, a short

resume of the earlier work on the subject will not be out of place.

Of those yellow vegetable dyes which we now know to be Flavonol

derivatives, Fisetin has been the one most thoroughly investigated.

The first step towards clearing up its constitution was taken by Herzig,

who succeeded by treatment with alkali in obtaining degradation

products from which a constitutional formula for the dye could be
constructed. On melting Fisetin with alkali it is split up into

resorcinol and pyrocatechuic acid.

If, however, tetraethylfisetin be boiled with alcoholic potash a

less complete decomposition occurs and, in addition to diethylpyro-

catechuic acid, the ethyl ether of a substance is obtained to which
Herzig assigned the name " Fisetol "

; further investigation of this

substance led to valuable information as to the structure of Fisetin.

Fisetol was recognized as a derivative of resorcinol having the

following structure :

/OH
CeHs—OH

\CO.CH2.OH

the position of the group —CO.CH2.OH was determined by von
Kostanecki, who was able to prove that an acid produced by the

oxidation of ethylfisetol was identical with the ether of jS-resorcylic

acid :

HOOC-^<^~^-OC2H5
<z:>-<
OH

Finally, the analogy between Fisetin and Chrysin led to the

construction of a flavone formula for the former, which was easily

put together from the degradation products which were by that time

accurately known (v. Kostanecki) :

OH\y\/OH

<Z>HOOC-C >-0H

CH2OH
\y\co/ -

'Fisetol.

/OH 0H\^/0\ (^^
^ ^ C-<^ ^-OH

C(OH)
\/\co/

Protocatechuic acid. Fisetin.

Querceiin has received special attention at the hands of research

chemists ; and a great deal of very careful work has been done by

Hlasiwetz and Plaundler, Liebermann, Herzig, A, G. Perkin and

others in endeavouring to elucidate the constitution of this important

vegetable dye. - '
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The chief difficulties encountered were in determining its empirical

composition and the- number of the hydroxyl groups contained in

the molecule ; a problem mainly solved by Liebermann, Herzig, and
A. G. Perkin. Valuable assistance in this connection was afforded

by the definite crystalline compounds—discovered by Perkin—which

Quercetin forms with mineral acids.

On alkylation, Quercetin furnishes tetralkyl ethers in which an
additional free hydroxyl group can be detected by acetylation. Here
also the same peculiarity with regard to the difficulty of acetylating

one of the hydroxyl groups is encountered, as in the case of the hydroxy-

xanthones, and the cause may again be attributed to the ortho position

of an hydroxyl group in relation to the carbonyl group.

Quercetin differs from the Xanthones in the ease with which it

is split up by alkalis, protocatechuic acid and phloroglucinol being

obtained. The close connection between Quercetin and Fisetin

—

Herzig recognized Quercetin as an hydrox'yfisetin—and the elucidation

of the constitution of Fisetin, finally led to the construction of a

constitutional formula, according to which Quercetin is a 1:3:3':4'-

tetrahydroxyflavonol, which has been confirmed by its synthesis.

Rhamnetin, which has been investigated specially by Liebermann,

Hoermann and Herzig, has been identified by the last-named worker

as a monomethylquercetin. Fused with potash, it furnishes proto-

catechuic acid and phloroglucinol, and is constituted in accordance

with the following formula :

C>H nvT. /K .n. ^ /OCH3

OH
CH30\/\/0\ .

<^^ 0H\/\/0\

C(OH)
\/\co/

C(OH)
\/\co/

I I

OH OH
Rhamnetin. Rhamnazin.

This formula has not yet been confirmed by synthesis but there

can be little doubt as to its accuracy.

In addition to Rhamnetin its monomethylether, Rhamnazin, also

occurs in Buckthorn berries.

Morin, a body very similar to the isomeric Quercetin, furnishes

phloroglucinol and j3-resorcylic acid when fused with potash, and was

regarded by A. G. Perkin and Bablich as a flavonol derivative of the

following constitution* :

OH
0H\/\/ \

C-<3_0H
C(OH)

\/\co/
!

OH
* For synthesis, cf. v. Kostanecki, Lampe and Tambor, Ber., 1906, 625.
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The exhaustive methylation of Morin yields a pentamethylmorin
which on treatment with alcoholic potash splits up with great ease

into trimethylhydroxyfisetol and dimethyl-jS-resorcylic acid :

CH30\/\/0\
C-

OCH3

-OCHa

C-OCH3
\/\co/
OCHa

CHsOv/X/OH

\/\co
OCH3

OCH3

/CH2.OCH3+HOOC-/ S-0CH3
<r» ^ /

which affords a further proof of its constitution.*

Datiscetin, which occurs in the plant Datisca cannabina in the

form of its glucoside Datiscine, is a yellow dye which was formerly

considered to be a xanthone derivative. As a result of recent work
by Leskiewicz and Marchlewski,f it appears, however, that it is most
probably a flavonol derivative of the following formula :

H0/\^ \
OH

C-

C-OH
\/\co/
HO

This has now been confirmed by Bargellini and Peratoner who
have succeeded in synthesizing its trimethyl ether.

J

A synthesis of flavanol derivatives differing somewhat from that

of von Kostanecki has been devised by Auwers and Miiller.§

The Coumaronones already mentioned are condensed with benz-

aldehyde to form benzalcoumaronones which were first described

by Friedlander, e.g. :

/\/O /\/0
>C:H2 +OiCH.C6H5 =

CH3/\/^C0 CHg/X/^cO
C^CH.CeHs

two atoms of bromine are then added to the double bond and by

* Herzig, Hofmann, and Walinschko, Ber., 42, 165, 726 (1909).

t Ber., 47, 1599 (1914).

X Qazz. chim. Ital., 49, ii. 64 (1919).

§ Ber., 41, 4233 (1908).
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means of alcoholic potash the dibromido is converted into the

flavonol

:

\C-CH-C6H5

Br
/V/OH

C-CeHs
/N/0\

cR3^\y\co^
C.OH

C— CfiH'i

C.OH
CH3/\/\C0/

This method is of especial value when the corresponding coumaro-

nones are easily obtainable, as for instance by the method of Fries

and Fink.*

Chromones.

We may regard Flavone as being the phenyl derivative of the

substance :

CH
II

CH
\/\co/

This body has been termed Chromone by von Kostanecki, who
in conjunction with M. Bloch f succeeded in effecting the synthesis

of the first member of this group, 3-hydroxy-j3-methylchromone,

from resacetophenone and acetic ester ; a diketone is first formed :

C2H50\/\/OC2H5
+ C2H5O

\y\CO.CH, H

OC.CH3

C2H50\/\ /OC2H5
CO.CH3

CH2
+C2H5OH

Ny\co/
which is converted on boiling with hydriodic acid into the chromone
derivative :

H0\/\/ O \
C.CH3
II

CH
V/\co/

The non-hydroxylated j8-methylchromone was obtained by von
Kostanecki and M. Bloch in the following manner : methylsalicylic-

Ber., 41, 2233 (1908). f Ber., 33, 471 (1900).
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methyl ester is condensed with acetone by means of metallic sodium
to a diketone and the latter is then boiled with hydriodic aoid :

+CH3OH
\/

-OCH3

-COOCH3 \y

0CH3

'-C0.CH2COCH3

Methylsalicylic-

methyl ester.

Acetone.

CH3

C0.CH3-

cm
\/\co/

C.CH3
I!

CH
\/\co/
Methylchromone.

Chromone itself was first obtained by Ruhemann and Stapleton *

by condensing phenoxyfumaric acid to chromone-carboxylic acid

by means of strong sulphuric acid :

/0\
C-COOH

CH
\/ CO/

->

/0\
C.COOH

CH
\./'\co/

OH
which is converted into chromone on distillation.

Later v. Kostanecki and R. Heywang synthesized chromone from
o-hydroxyacetophenone and oxalic ester ; on heating these substances

with metallic sodium a diketone is produced which on heating with

acids is transformed into chromone-carboxylic acid, the latter on

distillation being converted into chromone itself :

/'OH
4|C2H50;OC.COOC2H5

\/\C0.CH2 H

/\/0H
CO.COOC2H5

\/\co/
CH2

C.COOC2H5
->

/\/0

CH
\y\co/

6.C00H CH

\y
CH

\co/
CH

\/\co/
This method is of general applicability and was utilized by von

Kostanecki and his co-workers for the production of a large series

of hydroxychromones.']'
* Trans. Chem. Soc, 1900, 1179.

t A valuable summary of the chemistry of the Flavones and Chromones will

be foimd in a lecture by v. Kostanecki, " Les syntheses dans les groupes de la

chromone et de la flavone " {Bull. Soc. Chim., Paris, 1903). Cf. also E. Noelting,

"La Vie et les travaux de St. v. Kostanecki," Schweiz. Naturforsch. Oes., 1911.

The subject is also dealt with fully by H. Simonis in " Die Chromone

"

(Stuttgart, 1917).
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The importance of the chromones lies in their close relationship

with

Brazilin and Haematoxyltn.

Like the yellow dyes just discussed, these two important vegetable

dyes have long attracted the attention of chemists. Many distin-

guished investigators, notably Liebermann, Schall and Dralle, J. Herzig,

W. H. Perkin and v. Kostanecki laboured for a considerable period

of years upon the difficult problem of the constitution of these colouring

matters.

Nevertheless, for a very long time little more was known on the

subject than the empirical formulae for the substances and the fact

that Brazilin contained four hydroxyl groups whilst haematoxylin
contained five ; one of these hydroxyls in each case showed a different

behaviour to the remainder and could only be alkylated with greater

difficulty than the others (Herzig). It was also known that on
treatment with alkali Brazilin yielded resorcinol, Haematoxylin
giving pyrogallol, whilst catechol (or pyrocatechuic acid) could be
obtained from both. Also it was certain that both substances must
possess similar structures since their general reactions were closely

analogous. As to their actual constitution, however, nothing was
known.

It is only in comparatively recent times that the isolation and
examination of new degradation products has given us an in-

sight into their structure, and it is now definitely established that

Brazilin and Haematoxylin are compounds closely related to the

Flavones.

W. H. Perkin and his co-workers obtained various oxidation

products from methylated Brazilin (trimethylbrazilin) by treatment
with permanganate, such as the acid :

CH30-/\-OCH2 .COOH

sJ-COOH

and an acid of analogous constitution obtained in a similar manner
from methylated haematoxylin

:

OCH3
I

CH30-r^~-OCH2 . COOH

-COOH

In addition w-hemipinic acid was also formed in both cases :

H00C~r^-0CH3

HOOC- -OCH3
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They suggested, therefore, the following formulae for Brazilin (I)

and Haematoxylin (II) :

nu-r
1 CH-CHi>-/VOH

CH-

OH

\/LOH

OH

"^^ ^ ^ CH-CH2-

CH-
\/\CH/

OH
(I) (11)

Later, however, the same workers were able to show that the

further degradation of a third oxidation product of Brazilin—the so-

called Brazilic acid—had the constitution of a dihydroxybenzoyl-

propionic acid :

HO\/\/OH

\/\C0 . CH2 . CH2 . COOH

which was confirmed by its synthesis, so that this carbon skeleton

must also be present in Brazilin itself. The formulae given above
were therefore modified accordingly :

HO-/N/ ^ \

CH-CH2-
\/\CH/

I

OH
Brazilin.

v/\-OH

-OH

OH

ho-A/^Vh-

\/ CH-CH^
\/\CH/

I

OH
Htiematoxylin.

/\-0H

Von Kostanecki arrived independently at a different formula for

these compounds.

Schall and Dralle had shown that on passing air through an alkaline

solution of Brazilin an oxidation product could be isolated, and in

1894 the former investigator suggested that it might be regarded as

a 3-hydroxychromonol :

HO- /\^0\
CH

\Aco/
C(OH)

Later, v. Kostanecki and Feuerstein showed that Schall and
Dralles oxidation product was in fact split up by sodium alcoholate
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in a manner agreeing with the above formula ; in addition it

showed great similarity with the 3-hydroxychromone prepared by
V. Kostanecki, Paul and Tambor, so that the correctness of

Schall's hypothesis, according to which the oxidation product

in question was a chromone derivative, was hardly to be

doubted.

Bearing in mind Herzig's isolation of pyrocatechuic acid from the

alkaline fusion of Brazilin, v. Kostanecki and Feuerstein arrived at

the following formula for the dye :

riKj ^ ^ CH

K/
C(OH)

CH2- -OH

This formula is capable of explaining the production of the various

decomposition products obtained by v. Kostanecki and his colleagues

from brazilintrimethylether.

On oxidizing trimethylbrazilin with chromic acid a product is

obtained,* its formation and constitution being interpreted by von
Kostanecki as follows :

CH3O-/N/0\
CH
II

C(OH)

\/\CH//\_oCH3

CII2 \/-OCH3
Brazilintrimethylether.

CH30-r^/0\jj

0(0H)

H0/| '

CH2

/\-0CH3

\y-OCH3

CHsO-ZN/^jj

C

\/V/\/\_.ocH3
HO/ 1 I

'

CH2-^^-OCH3

CH3O-/N/0\
—

>

CH

C

^)f\/V0CH,
HO-CH \/-.OCH3

According to this, then, an indene ring is formed, with elimination

of w'&.ter, which is then oxidized just as indaneglycol is produced by
the oxidation of indene.

* This compound was prepared and studied independently by W. H. Perkin

and Gilbody, and by Herzig ; they termed it trimethylbrazilone. According to

Herzig and PoUak's researches it is a ketone.
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In support of this view v. Kostanecki put forward the following

evidence : (1) The above formula explains the' ready loss of one mole-

cule of water from the oxidation product of brazilintrimethylether

with formation of a compound which still contains one free hydroxyl
group. (2) Nitration leads to a nitro compound, the fission of which
by means of alkali is easily intelligible on the assumption of von
Kostanecki's formula. (3) On reduction with hydriodic acid it is

converted into a substance which jdelds a well crystallized product

on distillation with zinc dust-—termed by v. Kostanecki " Brazane "

—which is quite certainly a naphthalene derivative ; Haematoxylin
submitted to the same treatment yields naphthalene itself. (4) Lastly,

the assumption that an indene ring is formed on the oxidation of

brazilintrimethylether explains the production of m-hemipinic acid

by Perkin in his researches.

V. Kostanecki also considered it possible that the indene ring

assumed to exist in the oxidation products of brazilintrimethylether

might actually be present also in Brazilin itself.*

The Brazilin formula of Perkin has the advantage over that of

V. Kostanecki in that it affords an easy explanation of the formation

of a compound such as brazilic acid or its degradation products, e.g.

a benzoylpropionic acid (v.s.).

More recently Perkin again altered his formula so that it now
accords with all the known reactions of this product

:

HO- /0\
CH2

I

C-OH

\ I

-OH
I

OH

its relationship to v. Kostanecki's formula may be readily seen.

We may assume, therefore, that the analytical investigation

of this dye is now concluded, but the synthesis is still

lacking.

The elucidation of the structure of brazilic and brazilinic acid

and their ethers, which have already been mentioned, were of great

importance in establishing the last formula, particularly as the acids

themselves were capable of being synthesized. The connection is

best shown by the following scheme:

* For further details, cf. article by v. Kostanecki, " ttber die Konstitution

des Brazilins und Haematoxylins," Zeitschr. f. Farben- und Textilchemie, III. Jahrg.,

Heft. 1.
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CHaO-ZX/ \
CH2

I

C-OH
'\CH/\cH2

-X\

-OCH3

OCH3
Trimethylbrazilin

.

CHsOVV^^CH. CIIaO-XN/ \

x/\co
COOH

COOH

CH2
I

C-OH
\co/|

CH2

COOH
Brazilic acid.

CK,0-/\^^\

-OCH3

OCH3
Brazilinio acid.

CH3O- OH

\/\co

IT

COOH

OCH3

OCH3

CH

c
\y\co/|^^

CH2
I

COOH
Brazilic acid anhydride.

CHsO-ZN-OH
CH2

\/\co/|
CH2

I

COOH

The sjrnthesis of brazilic acid was effected by condensing methyl-

resorcinol with succinic anhydride to acid (I), and the ring then closed

by means of formic ester to give brazilic acid or rather its anhydride.

The constitution of brazilinic acid was established by condensing

methylresorcinol with dimethyl hemipinic anhydride to give the benzo-

phenone derivative (II), which on treatment with chloracetic acid

yielded brazUinic acid. Further relationships have also been estab-

lished which, however, cannot be considered here.

The transformation of Brazilin into the actual dye Brazilein is

connected with the conversion from a hydroquinone to a quinone

structure for which several structural formulie are possible.

The action of cone, sulphuric acid upon Brazilein yields iso-

Brazile'in, sulphate, which may be an oxonium salt. tso-Brazilein

derivatives have now been synthesized in the following manner by
Robinson and Crabtree :

* veratric aldehyde and paeanol are condensed

* Trans. Chem. Soc, 113, 859 (1918).
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together to form veratrylidene paeanol, which is then reduced to

dihydrobuteintrimethyl ether (I) ; the latter on boiling with zinc

chloride and formic acid and subsequent treatment with feiric chloride

and hydrochloric acid yields iso-Brazilein-ferric-chloride-trimethyl

ether (11)

:

FeCU

CH3O3U\

I.

OH

CH2

CHsO\/^^0\

>

CH2O2

^1^013

II.

CH

C

C CH2
\ /

CH30 0CH3 CH30 0CH3

which on heating with hydrochloric acids jdelds tso-Brazilein hydro-

chloride.

The formula for Haematoxylin differs from that of Brazilin only

by the presence of an additional hydroxyl group : Haemaiem is the

corresponding quinoid derivative. The change in colour on converting

Haematein into Isohaematein is worthy of note, the latter dye yielding

brown shades on chrome mordants.

Benzopyranols.

Connected with the previous class of substances is a group of

compounds which are derived from the body having the formula ;

CH
II

CH

II

H2

These substances were discovered by C. Bulow who prepared them
by condensing phenols with 1 : 3-diketones. As an example we may
give the production of a benzopyranol derivative from resorcinol and

acetylacetone :

OH

HO/N

\/

-OH H0\
C-CH3

+ II

CH -
CO/

I

H0/\-OH C.CH3 Ho/N-^^^

\/
CH

-c:

C-CH3

CH3
Keto-enol form of acetylacetone.

CH ->

|\0H
CH3 CH3

Hypothetical intermediate products.

-OH
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CH

II

CH2
Dimethylanhydro-hydroxy-benzopyranol.

The benzopyranols are split up by alkalis in the same way as

the flavones.

From resorcinol and trimethoxybenzoylacetone a compound is

formed which on demethylation is converted into :

HO
OH OH

OH
/0\

C-
il

CH

II

CH2

whilst pyrogallol yields a substance containing one hydroxyl more which

is identical with Nencki's Gallacete'in.

During their researches on the problem of the structure of Brazilin,

Perkin and Robinson synthesized the complex corresponding to the

older Brazilin formula and which may be termed Indenobenzopyranol.

Dimethoxyhydrindone is prepared from dimethoxyhydrocinnamic

acid and yields with ^-methoxysalicylic acid a benzal derivative

of the following formula :

CH30\/X/0H
OC /X/OCH3

c
X/ \ CH ^ \//\/\0CH3

On reduction, closing of the ring occurs leading to a compound

CH30\/\/ \
CH- OCH3

CH

CH2

which differs from the older formula for Brazilintrimethyl ether only

by the absence of one oxygen atom.

The Anthocyans.

Directly related to the foregoing groups is a group comprising the

natural flower pigments, all of which contain a benzopyranol nucleus.

The term Anthocyan was originally introduced by Marquart (1835)

to designate the blue pigments present in certain flowers ; later, the

belief arose that the red and purple flower pigments were merely
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different forms of the same blue " anthocyan," the variation in colour
being due to the nature of the cell sap. It is now known, however,
that there are a considerable number of flower pigments which are
closely related to one another, and for these the term Anthocyan or
Anthocyan pigment is retained.

Thanks to the brilHant researches of Willstatter and his pupils,
notably A. E. Everest, we now know that the Anthocyans are derived
from a benzopyranol nucleus (I), and indeed all the members of the
series so far examined are derived from the trihydroxy body (II) :

CI CI

C-< \-0H-<Z>
C-OHC-OH

\/\c/ V/^c/
i I

IH OH H
(I) (11)

(represented in the above formula? as the chlorides).

The plant pigments to which flowers owe their brilliant colours
have been investigated at various times by different workers such as
Hope (1836), Berzelius (1837), Morot (1849), Fremy and Cloes, Weigert,
Overton, and more lately by Griffiths (1903), Mohsch (1905) and Grafe
(1906), but it was not until a very recent date that Willstatter and
Everest succeeded in elucidating the whole problem (1913 and on).

Molisch succeeded in obtaining the scarlet pigment of the Pelar-

gonium in the form of microscopic crystals,* and Grafe also obtained
a plant pigment from the hollyhock in crystalline form.f

The problem, however, remained unsolved until 1913, when Will-

statter and Everest published the results of their first investigations of

the Anthocyan pigments, in particular of the blue colouring matter
of the cornflower, f

It was found that the blue form of cornflower pigment was a potas-

sium salt, the free compound being violet in colour, whilst the red form
was an oxonium salt in which the pigment was combined with an acid.

The pigment was obtained in a pure crystalline form as the chloride, and
was shown to be a digiucoside, two mols. of glucose being split off on hydro-

lysis. The sugar-free pigment was also obtained in crystalline condition.

To prevent confusion these authors suggested that glucoside and
non-glucoside pigments should be named respectively Anthocyanins

and Anthocyanidins as generic terms, and that in the particular case

in question, the cornflower pigment, the glucoside should be termed

Cyanin, whilst the sugar-free compound should be named Cyanidin.
Later work has indicated that the majority of the Anthocyans are

glucosides, i.e. Anthocyanins, but in certain cases the pigment exists

solely in the form of the Anthocyanidins.

* Bot. Ztg., 1905, 145.

t Sitzber. d. Akad. d. Wiss., Vienna, 1906, 975 ; 1907, 1033 ; 1911, 765.

t Ann., 401, 189 (1913).
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Willstatter was able to show that three pigments of the anthocyan

series, Pelargonidin, Cyanidin, and Delphinidin* were oxonium salts

of the bases C15H10O5, CisHioOe, and CisHioO?, that on heating with

concentrated potash, they all yielded phloroglucinol (I), and in addition

gave ^-hydroxybenzoic acid (II), protocatechuic acid (III), and gallio

acid (IV), respectively : ^^^ ^^ ^ qjj

HO\y\/OH
I

\/
I

OH

OH
I

/\
II

COOH

/\/0H
III

COOH

HO^/yOH
IV

COOH

In each case one —OH group in the Anthocyan is unaccounted for.

Now if we compare these facts with the result of the alkali decom-

position of the flavonol pigments Kaempferol (1), Quercetin (2), and
Myricetin (3) : hO\/-v /0\ , .

^ ' C-< VOH-
II

^ ^

C-OH
\/\c/

I II

OHO
(1) Kaempferol.

.OHH0\/\/0\ /'

C-. -QH
H0\ /\ /0\

^ C-OH
\C/

11

OHO
(2) Quercetin.

C-\

OH
OH

V C-OH ^OH
\c/

OHO
(3) Myricetin.

which also yield phloroglucinol together with ^-hydroxybenzoic acid,

protocatechuic acid and gallic acid respectively, and if we notice,

further, that in each of these cases also, one —OH remains unaccounted

for, the probability that, for example, one of the two following formulae

represents Pelargonidin chloride becomes very strong indeed :

CICI

HO\/X^O\
C- -OH

I HOH

C-OH or

H0\/\/0\
I CH

C-OH

OH/\

OH
* Delphinidin is* the Anthocyanidin contained in the flowers of the wild

Delphinium, the black pansy, etc.

12
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Everest proved that the first formula was correct, as he succeeded
in preparing Anthocyans by reducing the corresponding flavonol
derivatives dissolved in alcoholic hydrochloric acid, by means of
magnesium,* which was confirmed later by Willstatter and Mallison.-f-

Everest represented the formation of a typical Anthocyan from
the corresponding Flavonol in the following manner :

H0\/-^/0\

\0H

HO^
H\^/C1

I II

OH O

C-OH

/
o<.

/OH

(1) Flavonol derivative (Myricetin).

C-<^ )>-0H
II \0HC-OH

\C^
H-^OH

OH
(2) Colourless or faintly coloured inter-

mediate product.

->
Acid reduction

CI

HO\/X^O\ OH

H2O

C- OH

C-OH
\/%C/

\0H

(3) Typical Anthocyan (J)elphinidin).

In confirmation of this Willstatter prepared Cyanidin chloride

from Quercetin and showed it to be identical with the natural pigment

;

this was, therefore, the first synthesis of an Anthocyan, as Quercetin

had already been synthesized by v. Kostanecki (cf. p. 306),

H0\/\/0\ /OH
G-/ y OH
II
^ ^

C-OH

CI

H0\/\^0\ /

\/\co/
I

OH
Quercetin.

OH
C-<^ N-OH
II

^—

^

C-OH

OH H
Cyanidin.

It is noteworthy that if the flavonol compound be reduced with

magnesium and an organic acid (such as acetic acid) instead of hydro-

chloric acid, deeply coloured compounds are produced containing

magnesium. In the case of Myricetin, for instance, it is suggested

by Keita Shibata, Yuji Shibata and Itizo Kasiwagi J that the product

,

* Proc. Roy. Soc, B, 87, 449 (1914); 88, 326.

t Sitzber. d. Kgl. Preuss. Akad. d. Wiso., 1914; 769.

% J. Am. Chem. Soc, 41, 212 (1919).
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formed has the structure (I) which on treatment with hydrochloric

Mg Ac CI

/OH „^ I /(

ho-/nA,
—/'^

\/xxC/^OH
\0H HCl

\0H

OH OH (I)

Green pigment.

c

OH
Red oxonium salt.

/OH
-OH

\0H

(11)

acid is converted into the red oxonium salt (II).

These authors suggest, therefore, that the various colours of the

Anthocyans under different conditions are due to the formation of
" co-ordinated " metallic compounds formed from metallic salts and
organo-metallic compounds of the type illustrated above (I). The
matter is, however, too involved for more detailed treatment here.

Willstatter and Zechmeister also synthesized Pelargonidin, the

Anthocyan of the scarlet Pelargonium zonale, in the following

manner *
:

Trimethoxycoumarin (1) was treated with magnesium-anisyl-

bromide and the product split up with hydrochloric acid, yielding a

tetramethyl ether, which, on conversion to the free phenolic compound,
yielded an oxonium salt identical with Pelargonidin chloride :

CH30\/\/0\
C=0

OMgBr
CH30\/\/0\|

C-

I H
CH3O

C-OCH3

(1)

^-0CH3

I H
CH3O

C-OCH3

CH30\/X/0\|
OH CI

CH30\/\^0\

\/\C^
I H

CH3O

C-OCH3

C-<( ^-OCHs

C-OCH3
vy^c/

I H
CH3O

CI

HO\/x^O\

VO-'OH

C-OH
\/^c/
OH H

Sitzber. d. Kgl. Preuss. Akad. d. Wiss., 1914, 886.
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It is of considerable interest to observe that Pelargonidin,

Cyanidin, and Delphinidin :

CI

>OH

CI

C-OH

Pelargonidin.

II V

/OH
"^-OH

C-OH

I HOH
Cyanidin.

CI

H0\^^0\
c<

/OH

> OH

C-OH \0H

\X^c/

Delphinidii).

form the bases of all the Anthocyans as yet investigated.

So far the Anthocyans have little or no technical value as dyes,

as although they yield dyeings fast to light they are very fugitive

to reagents,* but it is by no means unlikely that further syntheses in

this group may lead to the discovery of substances of definite tinctorial

value. It is noteworthy, however, that, whereas the dyeings afforded

by the corresponding Flavonols are always yellow, brown or orange-

red, the Anthocyans afford red, blue and violet shades on tin mordants.f
A possible explanation of this fact may be found in Watson's

" rule " (cf . 12), as the Flavonols can only exist in one quinoid

form, e.g. :

/OH
<^^/\ /0\

VO-'OH

C—OH

OH OH
whereas two quinoid formulae are possible for the Anthocyans

Ci

C--O
/OH
-OH

H\/C1

V~^c/
1 HOH

C-OH and

/OH
-OH

OH^

C-OH

* Willstatter and Mallison, Ann., 408, 29 (1915).

t Cf. Perkin and Everest, The Natural Organic Colouring Matters (1918),

p. 268; Everest, J. Soc. Dyers and Colorists, 1920, p. 47.
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A series of benzopyranol compounds related to the Anthocyans
have been synthesized by Watson,* by treating various jflavonol

derivatives with Grignard's reagents, thus :

CH3O^A^V^
/OCH3

0CH3>
CHaOx

C—OCH3

1

II

CH3O o

CI

/0\
C--cy

/OCH3

OCH3

C-0CH3

I /\
CH3O HO R

CHsOx /\/0x ^C-\

/OCH3

^-0CH3

CI

HO\X\^0\ ^

C-OCH3
\/^C/

CH3O R

C-\

OH
OH

C-OH
XZ-^c/

I . I.

OH R
These substances afford strongly coloured lakes with various

mordants yielding red, brown, blue, violet and green shades. }"

The fact that yellow sap pigments occur in flowers which contain

Anthocyans suggests that the latter may be produced in nature by
reduction of the corresponding flavonols, an hypothesis which has

received support from the recent researches of Everest. J
As already noted, it has been found that all the flower pigments

so far examined have proved to be derivatives of either Pelargonidin,

Cyanidin or Delphinidin, which latter bodies differ from one another

by the possession of one, two and three hydroxyl groups resjaectively

in the side benzene nucleus. All the other plant-colouring matters

in this group are derived from these substances by the methylation

of one or more hydroxyls, by glucoside formation; or by both.

We may, therefore, subdivide the group into the following three

sub-groups :

Anthocyans derived from (1) Pelargonidin,

(2) Cyanidin,

(3) Delphinidin.

(1) Pelargonidin and its derivatives
.

(3:5:7-trihydroxy-2-23-

hydroxyphenyl-l:4-benzopyranol anhydrochloride)

:

CI :

H0\/\^0\ ^
\C- ~0H

C-OH
\/^c/

I HOH
* Tram. Chem. Soc, 107, 1477 (1915):

t Cf. Watson, Colour in Relation to

Perkin and Everest, The Natural Organic Colouring Matters (1918), pp. 260-2.

X Proc. Roij. Soc, B, 1918.

E.P. 1253/16.

Chemical Constitution (1918), p. 105.
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Pelargonidin itself forms a crystalline chloride, C15H11O5CI, and
occurs in the form of glucosides in various flowers such as Pelar-

gonium, purple-red summer Aster, Scarlet Salvia, etc. It affords

purple-red dyeings on tin mordants and bluish -red on tannined cotton,

but does not dye unmordanted wool. On heating with water a

colourless pseudo-base is formed, a behaviour characteristic of the

Anthocyans in general. On acidification the coloured salt is re-formed.

The following derivatives may be noted :

I. Monosaccharides.

Callistiphenin is one of two pigments isolated by Willstatter

and Burdick from purple-red Asters. The chloride, C21H21O10CI,

crystallizes in fine hair-like orange-red needles. It hydrolyses to

Pelargonidin and glucose.

Pelargonenin has been prepared artificially by partial hydrolysis of

Pelargonin, but does not occur in nature. The chloride

C:jiH.iOioC1.2H20

hydrolyses to Pelargonidin and glucose.

II. Disaccharides.

Pelargonin was the first Anthocyan to be obtained in a crystalline

condition by Griffiths in 1903,* but was first isolated and examined

in detail by Willstatter and Bolton. "j* The substance was extracted

from the leaves of Pelargonium zonule by means of alcohol, and was

then precipitated by the addition of cone, HCI and ether, followed

by recrystallization from alcohol. The chloride, C27H31O15CI, forms

long red needles. It is the diglucoside of Pelargonidin.

Salvianin is a diglucoside of Pelargonidin which occurs in Scarlet-

red Salvia and yields Pelargonidin, glucose and malonic acid on

hydrolj^sis. It has not been obtained in crystalline form. Salvin

(C22H27O13CI ?) . and Salvinin, C27H31O15CI, are hydrolysis products

prepared from it and are diglucosides of Pelargonidin.

(2) Cyanidin and its derivatives (3 : 5 : 7-trihydroxy-2-m23-dihydr-

oxyphenyl- 1 :4-benzopyranol anhydrochloride) :

CI

H0\/\ ^0\ . /OH

C-<f >-0H
II

^ ^

C-OH

Glucosides of Cyanidin occur in numerous flowers and fruits. It

was flrst isolated by Willstatter and Everest from the Cornflower

{Centaurea Cyanus),X and was the first sugar-free Anthocyan to be

obtained in a state of purity ; it has since been obtained from the

* Cf. Griffiths, Ber., 36, 3959 (1903). t ^«»-, 408, 42 (1915).

1 Ann., 401, 189 (1913).
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flower pigments of the Peony, Chrysanthemum, Dahlia, Aster and
Poppy, and from the fruit of the CherrjT-, Cranberry, Sloe, Red Currant,

Raspberry and Mountain Ash.

Cyanidin itself has, as the chloride, the formula CisHnOeCl, and
is prepared from the naturally occurring glucosides by hydrolysis

with hydrochloric acid. It forms a deep brown-red powder and yields

fine violet-red solutions in alcohol. On treatment with water, the

colourless pseudo-base is formed. It dyes unmordanted wool a fine

rose-pink and gives bluish-violet shades with a tin mordant, whilst

tannined cotton is dyed violet.

A large number of derivatives are known, namely, its methyl ether

Peonidin, the monosaccharides Asterin, Chrysanthemin and Idaein, and
the disaccharides Cyanin, Mekocyanin, Keracyanin and Prunicyanin.

I. Monosaccharides.

Asterin chloride (C21H21O11CI) has been isolated from the Purple-

Red Aster.

Chrysanthemin is the pigment of the deep-red Chrysanthemum,
and has the formula C21H21O11CI as the chloride.

Idaein is the colouring matter of the Cranberry and has a similar

formula to the previous Anthocyans.

II. Disaccharides.

Cyanin is the colouring matter of the Cornflower, from which it

was isolated by Willstatter and Everest. The chloride has the formula

C27H31O16CI, and is the diglucoside of Cyanidin. The potassium salt

is the actual blue colouring matter of the wild cornflower.

Mekocyanin is one of the pigments of the Poppy ; the chloride

has the formula C27H31O16CI and hydrolyses to Cyanidin chloride

and two molecules of glucose. Partial hydrolysis yields a mono-
glucoside which is identical with Chrysanthemin chloride.

Keracyanin, the colouring matter of the sweet Cherry {Prunus

avium), forms a chloride, C27H31O13CI. It hydrolyses to equal molecules

of Cyanidin chloride, glucose and rhamnose.

Prunicyanin is the pigment of the Sloe (Prunus spinosa) and
resembles Mekocyanin. The chloride hydrolyses into Cyanidin chloride,

rhamnose and an unidentified sugar.

III. Monomethyl Ether.

Peonidin.—This substance occurs as its diglucoside Peonin in

the deep-red Peony. The chloride, Ci6Hi306Cl, is considered by

Willstatter and Nolan to have one of the following formulcC :

CI CI

J-<^ ^-OH
I j

C-<^ p>-0CH3C-<

C-OH
\y^c/

or C-OH

.
I H I HOH OH

(1) . (2)



328 DYE CHEMISTRY

Peonin is the diglucoside of Peonidin and resembles Cyanin in

many respects.

(3) Delphinidin and its derivatives (3:5:7-trihydroxy-2 : w:m:23-

trihydroxyphenyl-1 :4-benzop3a'anol anhydrochloride).

CI

HO\/XA X—<^^
C-C \-0H

C-OH ^^

• Glucosides of Delphinidin occur in various kinds of grapes, in

Bilberries, in the flowers of Hollyhocks, Delphinium, Petunia, Wild
Mallow and Viola, but except in the case of the Delphinium and Violet,

all the pigments are glucosides of mono- or dimethylethers of Del-

phinidin and not of Delphinidin itself.

Delphinidin chloride, C15H11O7CI, has been prepared by Willstatter

and his co-workers by the hydrolysis of Delphinin and Violanin ; it

forms several hydrates and gives fine purple solutions in alcohol.

The colourless pseudo-base, C15H12O8, is formed on treating a salt

with a very dilute solution of a weak alkali such as sodium phosphate.

The salts of Delphinidin dye wool directly violet shades, or violet-

blue on a tin mordant, and tannined cotton bluish-violet. The
following derivatives may be noted :

I. Disaccharides.

Violanin (chloride, C27H31O6CI ?), the colouring matter of the blue-

black pansy {Viola tricolor), which hydrolyses to Delphinidin chloride,

rhamnose and glucose and is therefore a rhamnoglucoside.

Delphinin, the pigment of wild purple Delphinium ; the chloride

has the formula C41H39O21CI.2H2O and hydrolyses to Delphinidin

chloride, glucose and ^-hydroxybenzoic acid.

• Three monomethyl ethers of Delphinidin are known, and possibly

a fourth, which have been isolated by Willstatter and his pupils, and

two dimethyl ethers, together with the glucosides derived from them.

The monomethyl ethers are obtained by hydrolysis of the glucoside

pigments from the fruits of Ampelopsis, Bilberry, and from Petunia

flowers and are termed respectively Ampelopsidin, Myrtillidin^ and
Petunidin. The dimethyl ethers are known as Malvidin and Oenidin

and were obtained from the violet flowers of the Wild Mallow and

the fruit of the black North Italian grape respectively.

The following formulae have been assigned tentatively to these

Anthocyanidins by Willstatter :

II. Monomethyl Ethers.

Ampelopsidin chloride, C16H13O7CI

:
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CI

HO\/\A /
<^^

C-OH ^^^

I HOH

derived by hydrolysis of the Anthocyan Ampelopsin.*

Myrtillidin chloride, C16H13O7CI, has probably one of the two
following formulae :

CI

H0\/\^0\ /-
/OH
^-OH

CI

H0\/\^6\

\/^C/
I HOH

I.

C-OCH3
\0H or

v<z>

OH
II.

H

C-OH

/OCH3

OH
\0H

Its glucoside, Myrtillin, is the pigment of Bilberry fruit.

Althein, a monosaccharide ,of Myrtillidin, constitutes the colouring

matter of the black Hollyhock and is of some slight practical interest,

as the use of the pigment for dyeing and printing was encouraged

by the Bavarian Government during the early part of the last century.

The chloride has the formula C22H23O12CI and appears to hydrolyse

into equal mols. of glucose and Myrtillidin.

Petunidin chloride, C16H13O7CI, is obtained by hydrolysis of

Petunin, the colouring matter of purple-blue Petunia petals. Its

structure probably accords with one of the formulae given above for

Myrtillidin chloride, as it appears that the latter substance and
Petunidin chloride have one or other of the above formulae, but

differentation is not at present possible.

III. Dimethyl Ethers.

Malvidin chloride, CitHisOtCI, has presumably one of the following

structures :
'

CI CI

CHaOx/X^Ox /^^ w^^ ^ '^^ ^^^

C-OH
\/-^c/

I HOH

C-<^ ^-OCHs
\0H

H0\/\^0\^

\/^c/
I H

CH3O

C-OH

OCH3

\0H

II.

and is formed on hydrolysing Malvin, the Anthocyanin of Wild

Mallow flowers.

* Willstatter and Zollinger, Ann., 412, 216 (1916).
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Oenidin chloride, C17H15O7CI, has been assigned one of the following

formulae :

CI

H0\/\^0\ /OCH3

c-V
C-OH

I HOH
I.

^-OCHs
\0H

CI

or

<
/OH
N-OCH3

C-OCH3
\/-^c/

II.

OH

It is formed from the glucoside of Oenin, the pigment of black

grapes and red wine.

COUMAKINS.

The simplest coumarin is derived from o-hydroxycinnamic acid :

/\/CH^
CH

\/
CO

\o/

It will be noticed that these compounds are closely related to the

Flavones. A dibromdihydroxy-j3-methylcoumarin has been introduced

into commerce by the Fr. Bayer Co. under the name of Anthracene
Yellow. It has probably the formula :

OH
H0\A/O

>0

Br/V/
CH

C^

Br CH3

To this group belongs also the substance Styrogallol, obtained by
V. Kostanecki by condensing together cinnamic and gallic acids. It

has not been used technically.

Indogenides.

Indandione, which was discovered by Wislicenus and Kotzle :

/YCO
^CH2

condenses with aldehydes to form compounds termed by v. Kostanecki
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" Indogenides." For example, with protocatechuic aldehyde the

following compound is produced :

CgHZ pC=CH.C6H3(OH)2

a dye yielding yellowish-red shades on aluminium mordants.

From indanone,

C6H< )C0

also, analogous compounds are formed in which, however, the dye
character is less pronounced.

To this group, again, belong the Flavindogenides :

CH . CeHs

I

/-
, C=CH-<

\/\co/ \—

which were prepared by v. Kostanecki and A. Katschalowski by
condensing together flavanones and aldehydes in alcoholic solution

by means of hydrocholoric acid.

All these dyes are of theoretical interest only.

Galloflavine, Resoflavine.

Galloflavine (B.A.S.F.).—A dye of this name has been placed on
the market which probably belongs to the hydroxyketones. It is

prepared by allowing weakly alkaline solution of gallic acid to oxidize

slowly in the air. The greenish-yellow chromium lake is used to some
extent for wool dyeing, . either alone or in combination with alizarin

dyes, as a substitute for fustic ; its dyeings, however, show only a

poor fastness to light.

Galloflavine has the composition C12H6O8, but its constitution

is unknown. A tetramethylgalloflavine has also been prepared

which on hydrolysis yields a lactonic trimethylisogalloflavine :

^(OCH3)3

C10H2O-COOH

• i>
Resoflavine (B.A.S.F.) is a yellow mordant dye obtained by the

oxidation of sym-dihydroxybenzoic acid. The constitution of

Resoflavine has been fairly definitely established by the researches

of Herzig and his co-workers ; it has the constitution :

/C0-0\ /OH

yH0-/~~^——/^ N-OH
\o-co/
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Closely related to Eesoflavine is Ellagic acid {Alizarin Yellow paste,

M.L.B.), which is formed by oxidizing gallic acid with persulphate,

and also under certain conditions from tannin. Its constitution is

expressed by the formula :

/C0-0\ /OH
H0-<(^ y <^ \-0H
HO/ \0-C0/

Further oxidation leads to the formation of Florellagic acid, which

contains one hydroxjd group more and is therefore an hydroxy-ellagic

acid,

In these compounds the methylolide bridge : —CO— —, behaves

as a chromogen as the products mentioned dye on mordants.

Yellow mordant dyes have also been obtained (B.A.S.F.) by
oxidizing salicylic acid by means of persulphate or with electrolytic

oxygen.



NAPHTHAZARINE GROUP

Alizarin Black S (B.A.S.F.).—This valuable wool dye is the sodium
bisulphite compound of naphthazarine, a dihydroxynaphthoquinone.
Naphthazarine was known as long ago as 1861 (Roussin) ; but, as

was the case with Anthragallol, its valuable dyeing properties remained
for long unknown ;

* and it was only in 1886 that Bohn made the

important discovery that naphthazarine can be converted by sodium
bisulphite into a soluble compound that will furnish handsome fast

black shades with chrome mordants. The chrome lake offers unusual

resistance to the action of acids, and in this respect Alizarin Black is

unequalled by any other black dye-stuff.

It can be prepared from either 1:5- or 1 : 8-dinitro- and also from
l:4:7:8-tetranitronaphthalene, and is, therefore, regarded as 1:2-

dihydroxy-a-naphthoquinone :

OH

-OH

At the present time it is obtained by treating crude dinitronaph-

thalene (a mixture of 1:5- and 1 : 8-dinitronaphthalene) with fuming

sulphuric acid and sulphur. According to Gassmann, however, it

may be advantageously prepared by heating 1 : 5-dinitronaphthalene

with fuming sulphuric acid and infusorial earth. The mechanism
of the reaction has been determined by Friedlander and Scherzer,f

who found that, by the migration of oxygen from one of the nitro

groups, there is forme^J an intermediate product, nitronitrosonaphthol :

NO2

N02

0HNO5 NO2

NO

* That naphthazarine is a dye was known, and Roussin described its various

lakes, except the chrome lake.

f Mitteil. des k. k. Technol. Qew.-Museums, Vienna, 1900, pp. 11-32.
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which can be reduced to a quinonimine, that in turn is readily hydrolysed
to naphthazarine (cf. also p. 275). This latter can be condensed, both
with amines and phenols, to form new dyes, e.g. :

Alizarin Black SRA (B.A.S.F.), the bisulphite compound of the

condensation product of naphthazarine and aniline.

Alizarin Dark Green (B.A.S.F.), formed by the condensation of

naphthazarine with phenol.

i-Naphthazarine, a body of similar composition, which is obtained

by oxidizing j8-naphthoquinone with hypochlorous acid, gives dyeings
that are fugitive to light, and is, therefore, of no practical value.

An hydroxynaphthazarine (Naphthopurpurin) gives red dyeings
on alumina mordants.

Possibly the brown oxidation product of chromotropic acid

[Chromogen I (M.L.B.)] which is formed on the fibre by chroming,
is also to be reckoned' in the Naphthazarine group (cf. p. 53).

Friedlander and S. Blumenfeld prepared dyes by condensing
naphthoquinones with phenols ; the dye produced from ct-naphtho-

quinone and pyrogallol has the following constitution :

OH OH

/v\-0-A-OH

OH
\/

Compounds of analogous constitution have been prepared by A.

Fischer and Schaar-Rosenberg from naphthoquinones and amines.*

Possibly the condensation products of naphthazarine and phenol,

or aniline, mentioned above, have a similar constitution.

* Ber., 32, 83 (1899).



QUINONEIMINE DYES

Pam-QuiNONEiMiNE Dyes.

Introductory.

The paraquinoneimine dyes are those derived from quinone-

mono-imine:
O^CeH.^NH

and from quinone-di-imine :

HN=C6H4=NH*

The mother substances themselves are praQtically colourless but yield

coloured derivatives on replacing the hydrogen atom of the imino

group by an aromatic radical.

The simplest types of this class of dyes are,

Indamine, HN^CeH^-N—C6H4NH2,
Indoaniline, 0=C6H4=N—C6H4NH2,

and Indophenol, 0=:C6H4=N—C6H4OH.

These substances may be prepared in various ways : the simplest,

Indamine, also known as Phenylene Blue, is formed by oxidizing

di-^-aminodiphenylamine with potassium bichromate :

N^Hi +0 = N +H2O

|<^~~^NH;HiHCl ^<^ ^> ^ :NH.HC1

Di-p-aminodiphenylamine. Phenylene Blue;

It is also produced by the oxidation of molecular quantities of p-

phenylenediamine and aniline hydrochloride with potassium bichromate

in neutral aqueous solution :

IHi N-—<^~~\—NH2+|Hi--/^ \—NHiH|HCl+02

p-Phenylenediamine. Aniline^

N
_

+2H2O .

'^^<(^^=NH.HC1
Indamine.

* R. Willstatter, Ber., 37, 1494 (1904);

335
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If, however, one oxidizes ^-phenylenediamine with phenol, or

^-aminophenol with aniline in alkaline solution, the hydroxyl analogue

of an indamine is produced, namely, an Indophenol (Indoaniline) :

iHaiN—
<^ ^—NH2+|H;—^~~^—OiHi+Qo

p-Phenylaminediamine. Phenol.

y^ )>-NH2
= N +2H2O

Indophenol.

The resulting compound is usually termed Indophenol, although

the less frequently used name, Indoaniline, is more correct. It is

aminoquinonemonoanil and has not the constitution of an hydroxy-

phenylquinone-di-imine :

N
\o OH

since it is a weak base and does not behave like a phenol. The simplest

Indophenol results from the simultaneous oxidation of _2'-aminophenoI

and phenol according to the equation :

p TT OTT
HO-C6H4-NH2+C6H5OH+O2 = N^ '

/ ^
^06X14=

a very low temperature being requisite for the operation.

In all these formulae the diphenylamine group can be readily

recognized, which would appear to justify their designation as

''^Diphenylamine dyes." According to the suggestions of R. Nietzki,

however, it is now usual to class them as quinoneimine derivatives.

All three classes of compounds have this in common, that they

are split up again at once by the action of dilute mineral acids similarly

to quinoneimine : just as quinoneimine under these conditions yields

quinone and ammonia, so indophenol (indoaniline). yields jp-phenyl-

enediamine and quinone.

The Indamines and Indophenols show further the typical quinone

reactions, since they add on, with great ease, hydrogenated compounds
such as aniline, hydrogen sulphide, thiosulphuric acid, etc., being

thereby transformed into the substituted leuco derivatives. The
process is completely analogous to the formation of chlorhydroquinone

from quinone and hydrochloric acid. The addition takes place in

general in the ortho position to the central nitrogen atom and affords

an explanation of the production of Safranines and Thionines {q.v.)

from the Indamines.*

* SoG also Heller, Ann., 392, 16 (1912).
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InDAMINES.

Th& formation of these dyes has long been known, since they were

produced by Runge and Perkin during their experiments on the

oxidation of aniline. They only became of practical interest, however,

as intermediate products in the formation of Safranines (q.v.).

As already mentioned, the simplest dye of this group, Phenylene

Blue:

ATTI X >—NH2
^^^^^ !!! + C6H4:HiNH.iH:HCl+ 02 = N^^ ^ +2H2ONIHo: (4) :NH.HC1

p-Phenylenediamine. Aniline. Phenylene Blue.

is formed when jp-phenylenediamine and aniline are oxidized, in neutral

aqueous solution, with potassium bichromate.

On reduction it is transformed into the leuco base:

NH

a substance identical with diaminodiphenylamine. Conversely, this

latter compound furnishes Phenylene Blue on oxidation.

Indamines are also formed when ^-phenylenediamine is replaced

by other ^x^^^'a-diamines, or aniline by other monamines with free para

position, or by meto-diamines.

The _para-diamine must, in any case, possess one primary amino
group, since the central nitrogen atom in the indamine is tertiary

;

consequently a ^ara-diamine, in which both the amino groups are

substituted, cannot yield an Indamine. The monoamine, on the

other hand, may equally well be secondary or tertiary, so long as the

para position is free.

It is noteworthy that in the production of dyes by the oxidation

of diphenylamine derivatives, Indamine formation only occurs with

those derivatives which are substituted by amino groups (or by hydroxyl

groups in the Indophenols) in the para position in both nuclei.*

In the above reaction, moreover, ^-phenylenediamine can also be

replaced by substances which can furnish ^ara-diamines on reduction,

e.g. nitrosodimethylaniline :

/N(CH3)2 (1)

\N0 (4)

or dichloroquinonediimine, C1.N=C6H4=N.C1.
In such cases, however, it is usually difficult to isolate the

Indamines which are first formed, since the reaction must be carried

out by heating, and they are transformed into more complicated

derivatives such as Azines, Oxazines, etc.

Nietzki, Ber., 16, 464 (1883).
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In this case, the use of an oxidizing agent is unnecessary, since

the requisite oxygen is furnished by the nitrosodimethylaniline.

Thus Bindschedler^s Green is produced from nitrosodimethylaniline

hydrochloride and dimethylaniline :

Ci CI

CeHi-f = CeHi'/ +H2O
^N:OH+h;C6H4N(CH3)2 '^N-C6H4-N(CH3)2

This dye, however, is more conveniently prepared by the simultaneous

oxidation of ^-aminodimethylaniline and dimethylaniline.

Witt's Toluylene Blue :
•

CI

^C6H4=N(CH3)2

N<^ CH3
^C6H2(NH2)2

is produced in an analogous manner from dimethyl-^-phenylenediamine

and m-toluylenediamine. When heated in aqueous solution it is

transformed into a Eiu-hodine, Toluylene Red.

From ^-phenylenediamine and m-toluylenediamine is obtained a

simpler Toluylene Blue, which, in a similar manner, is transformed

into a Eurhodine, " simplest Toluylene Red." This nomenclature

originated in the circumstance that, at first, before the Eurhodines

were known, it was customary to speak of dyes of the Toluylene Red
group.

All the Indamines are green to blue in colour. They are not used

in dyeing, owing to their lack of fastness to acids, which latter, when
present in sufficient excess, decompose them into quinones and amines.

They are, however of great theoretical interest as intermediate products

in the preparation of Safranine {q.v.).

Indophenols.

These dyes are formed by the oxidation of equal molecular quantities

of a ^-diamine and a phenol, in alkaline solution ; or by the conjoint

oxidation of a p-aminophenol and an amine ; or lastly, as in the case

of Indamines, the ^-phenylenediamine (or dimethyl-^-phenylene-

diamine) can be replaced by nitrosodimethylaniline.

In recent years, since it has been discovered that the Indophenols

are most important intermediate products for the preparation of

sulphur dyes, the known methods of producing them have been further

elaborated. It has been found that the Indophenol formation takes

place smoothly if the components are oxidized at a low temperature

(below 0^).*

Readily oxidizable ^ara-diamines, such as ^-phenylenediamine
itself, may conveniently be used for this purpose in the form of their

sulphonic acids or as acetyl compounds.

* D.R.P. 157288 (Akt.) ; D.R.P. 179294 ; E.P. 27000/06.
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The old Liebermann, method for the preparation of Indophenols

by condensing nitrosophenols with phenols which possess a free jpara

position, by means of sulphuric acid has recently become of technical

v^alue. The phenols in this reaction may be replaced by the corre-

sponding amines. It is noteworthy that the Indophenols which are

so extremely sensitive to dilute mineral acids are stable in the

presence of fairly concentrated mineral acids, e.g. 70 per cent sulphuric

acid,* and may thus be readily prepared technically by the above

process.

The formation, noted by the Hochst Farbwerke, of an Indophenol

from a pam-diamine and 2>a^«-chlorphenol, is of theoretical interest,

since this product cannot be considered as a ^jam-quinone derivative

like other Indophenols. It may possibly be an or^^o-quinone derivative

or perhaps an Indamine.

By the oxidation of o-phenylenediamine with phenol an Indophenol

is also obtained,^ the oxidation product, however, from m-phenylene-

diamine-and ^J-aminophenol is not an Indophenol but an Indamine. J
The only Indophenol met with in commerce, Indophenol Blue, was

obtained by 0. N. Witt and H. Koechlin (1881) from nitroso-

diraethylaniline (or dimethyl-2?-phenylenediamine) and a-naphthol ; it

therefore has the following formula ;

/C6H4N(CH3)2
N
^CioH6=0

By reduction it is converted into a leuco compound

:

/C6H4N(CH3)2
N-H
\CioH60H

which can be readily retransformed into the colouring matter by

oxidation. This property forms the basis of its application in the

so-called Indigo-Indophenol vat [Guve mixts (D.H.)], and in calico

printing.

So far as we have gone in the study of dyes, Indophenol is the

first example of those for which the textile fibres exhibit no affinity,

a circumstance attributable to its chemically indifferent character.

Indophenol White, or the leuco compound of Indophenol, on the other

hand, exhibits an acid, phenol character, and, therefore, has an affinity

for the textile fibres.

Like the Indamines, Indophenol Blue is very susceptible to acids,

and is decomposed by them in the same way. This circumstance

has retarded the use of Indophenol Blue in printing and dj^eing, for

which purposes (calico printing in particular) it is otherwise well

adapted by reason of the indigo shade, washing fastness and cheapness

of its dyeings. It is also very susceptible to the influence of steam.

* Fr. P. 330388 {Oes. f. Chem. Ind.) ; Ch. Z., 1903, 1040, See also Fr. P. 332884 ;

Ch. Z., 1903, 1210.

t Ber., 41, 624 (1908).

% Ber., 28, 2974 (1895); 45, 3437 (1012).
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If nitrosophenol be allowed to act on an alkaline solution of phenol
an Indophenol is again produced, the unstable quinonephenolimine

:

/CeHiOH
N

which is therefore a derivative of di-p-hydroxydiphenylamine.

The Indophenols can also be prepared from the Indamines, a fact

which reveals the relation between these two classes of dyes. Thus, Bind-

schedler's Green, under the influence of an alkali, furnishes an Indophenol

:

/C6H4N(CH3)2 /C6H4N(CH3)2 /H
N +KOH = N +N(CH3)2+Ka
•^C6H4=N(CH3)2 ^C6H4=

\C1
Bindschedler's Green. Indophenol. Dimethylamine.

dimethylamine being eliminated.

Liehermann's Dyes.—This name is given to the coloured products

which are formed by the action of nitrosophenols upon phenols dissolved

in concentrated sulphuric acid. They are produced, further, by the

action of nitrobenzene upon phenols, by heating ^-aminophenol
sulphonic acids, and by the action of bromo-" Aqua Regia."

They belong, as H. Decker and B. Solonina have shown, in part

at all events to the Indophenols, and may be prepared technically

by the same means as the latter. The " Dichro'ines " of Brunne and
P. Chuit are dyes of similar character.

During the last decade the Indophenols have attained considerable

importance as intermediates for the production of sulphur dyes

{Immedial Pure Blue, Immedial Indone, Katigene Indigo, etc.) (see

Intermediates and Sulphur dyes).

OriAo-QuiNONEiMiNE Dyes.

The following classes of dyes may be grouped together as derivatives of

orf^o-quinone or orfAo-quinoneimine : the Azines, Thiazines and Oxazines.

Since they are closely related to the Indamines, they were pre-

viously included amongst the ^ara-quinoneimine derivatives, a view

that is still held by some dye chemists ; there can, however, be little

doubt to-day as to the ortho-quinoid nature of these compounds.*
Like the Indamines, they are derived from diphenjdamine. The

two benzene nuclei are, however, also united by an atom (N, S, or 0)
or group of atoms, in the ortho position to the central nitrogen atom.

Accordingly the mother substances are :

.NH\/\ /\/NH\/X
/Y^^Y^

/^/NH\/X

sNH/\y \y\ N /\/ \A s /\/ \y^ yKy
CeHs

Hydrophenazine. Phenylhydrophenazine. Phenthiazine. Phenoxazine.

* According to the recent researches of F. Kehtmann, however [Ann., 414,

131 (1918)], the cyclic quinoneimine dyes are essentially desmotropic substances

which possess ortho- or pora-quinoid structures according to the conditions.
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These substances have the character of leuco compounds, and are

converted on oxidation into the coloured bodies.

The oxidation products bear accordingly the same relationships

to the leuco compounds as Indamine itself to diaminodiphenylamine.

The mother substances of the actual dyes are therefore :

-N^/^>

Phenazine
(Diphenazine).

/VN%/\ /VN\/\

l\ci

Phenylphenazonium-
chloride.

\/^S^\/

/\y^%

K/^o^
Cl
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is known as Quinoxaline, and occupies an intermediate position between

Pyrazine

:

«

CH CH
I

II

CH CH
%/
N

and " Phenazine " (i.e. true Z)iphenazine).

In addition, we have also to consider the derivatives of Naphtho-
phenazine (or Phenonaphthazine), of Dinaphthazine, of Phenan-
throphenazine and of Dianthraquinoneizine (p. 449) and so forth :

•N^\/\
Naphthophenazine.

Dinaphthazine. Phenanthrophenazine.

In the Phenazine group the monoaminophenazines are termed
Eurhodines, and the monohydroxyphenazines, Eurhodoles :

sN^\/ NH, KAi^iAy-^^
Eurhodine (3 Aminophenazine). Eurhodole (3-Hydroxyphenazine).

A special position is occupied by those compounds which are derived

from the Azonium substance :

/\
R CI

in which the one N atom is pentavalent and strongly basic, whilst

the other remains trivalent. Of particular importance is the substance

Phenylphenazoniumchloride :

\An/\/
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Its monoamino derivatives are known as Aposafranines, the

aminohydroxy derivatives as Safraninones, whilst the Safranines

are the diamine derivatives, to which the Safranoles correspond in the

hydroxy series :

,^NxX\ /\/^\^\

-NH2 H2N- -NH2

Aposafranine. Safranine (sym. Phenyl-3:6-

diaminodiphenazoniumchloride).

Corresponding to Naphthophenazine there are two Naphthophen-

azoniumchlorides :

CeHs

I

CI

\/

Isophenylnaphthophenazoniumchloride.

CeHs
Phenylnaphthophenazoniumchloride.

the amino derivatives of which are termed Isorosindulines or

Rosindulines, according to whether the substitution takes place in the

benzene or naphthalene nucleus. The corresponding hydroxyl com-
pounds are known as the Isorosindones and the Rosindones. A
very considerable number of compounds belonging to the Azine series

have been prepared, and it will be necessary to confine our attention

to those derivatives which possess a special theoretical interest for

dye chemistry or are themselves used as dyes.

It may be noted here that the or^^o-quinoid formula for the Azine

derivatives will be used in all cases, the grounds for its adoption being

given later.

Methods of Formation of Azines and Azonium Compounds.

A general method for the preparation of the Azines consists in

allowing o-diamines to interact with o-diketones : by this means
Quinoxaline may be synthesized from glyoxal and o-phenylenediamine

;

Phenazine from o-phenylenediamine and o-benzoquinone ; Pheno-
naphthazine from o-phenylenediamine and jS-naphthoquinone (or



344 DYE CHEMISTRY

nitroso-^-naphthol)
;
* and Phenanthrophenazine from o-phenylene-

diamine and phenanthraquinone :

This method is also available with those derivatives which are

substituted in the benzene nucleus. If, however, one starts out from
the N substituted derivatives, Azonium compounds are obtained :

=
+

H2N-

Cl C6H5

,^N\/^

A
ci

I

CeHs
(Flavinduline.)

Related to this method of formation is Witt's process,! consisting

in oxidizing an aromatic o-diamine with a phenol substituted in the

'para position :
•

x/-OH
+

H2N-

H2N-

/\

\/

-CH3
-f-Oi;

,^^V^CH3

Tolunaphthazine

A neat modification of the process was introduced by Ullmann
and Ankersmit,t consisting in condensing an or<7io-aminoazo body
with j8-naphthol :

+
-OH H2N-

X
I

N

•N-/\

/\

\/" -NH. vAn^U-^H2
* Ullmann and Heisler, Ber., 42, 4263 (1909). f -Ser., 19, 917 (1886).

% Ber., 38, 1811 (1906) ; D.R.P. 157861 (Akt.).
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Originally the aminoazines were obtained from o-aminoazo com-
pounds and a-naphthylamine (Witt).

/\

NH-
+

\y

N
li

N-

H2N-

/\-CH3

\y

\

NH2-

J^\/\-Cllz

\/\^/\y
A peculiar method of formation from benzeneazophenyl-jS-naph-

thylamine has been noted by Witt *

:

R-N /\ /\
N

\y

H +RNH2
\y\/

Phenazine derivatives can also be obtained from those Indamines

which have an amino group in the ortho position to the central nitrogen

or by oxidation of the corresponding aminodiphenylamine derivatives ;

H

/V^N/N
H2N- -NH2

,^
.N.

-NH2\y\NH2 \X"''""'
NH2-\^I^^,

A considerable number of Azine derivatives may be obtained by
this process ; Phenazine itself is produced from o-nitrodiphenylamine

and aminodiphenylamine.

Phenylphenazonium derivatives are formed by oxidation of a

^-diamine (or from nitrosoamines or quinonechlorimines), -with two
molecules of a monoamine or one molecule of a m-diamine :

H2N-

HoN

|\C1

CeHs

-NH2 H2N

,^^\/\

dfbeHs

-NH2

* Ber., 20, 571 (1887).
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the reaction taking place via the Indamines. Consequently the
Phenylphenazonium derivatives can also be produced from the Ind-
amines (or their leuco products, i.e. the diphenylamine derivatives)

by the anoxidation of a primary amine :

HN^ -NH.

,^Nv^

|\C1

\/

a structural change (^am-quinoid to oriho-qmnoid) occurring at the
same time. This process will be discussed more fully later (see Safra-

nine).

In addition there are certain special methods of formation for

particular derivatives which cannot, however, be considered here.

AZINES AND AZONIUM COMPOUNDS.

Various dyes belonging to the Safranine group were obtained in

the early days of coal-tar colour manufacture, but a considerable time
elapsed before their constitution was accurately established.

In 1856 Perkin, as is well known, discovered the first coal-tar dye,

Mauve or Mauveine ; a red dye was also produced as a bj^-product, to

which later the name Safranine was given. Various oxidizing agents
were used by different investigators for producing the last-named dye
from the crude aniline, which contained also a good deal of toluidine.

Safranine was first prepared on a commercial scale by Lotz of Basle,

and was placed on the market in 1868, later its manufacture was also

begun in France and in Germany.
The earliest scientific investigation of Safranine was undertaken

by A. W. Hoffmann and A. Geyger in 1872.*

These chemists found that the presence of toluidine is necessary

for the formulation of Safranine ; in the formula for Safranine

devised by Witt f special emphasis was laid upon the methyl group

of the toluidine.

Witt himself, however, showed this to be an error, since he succeeded

in preparing a Safranine from pure aniline and p-phenylenediamine,

which was termed Phenosafranine, in distinction to the compound
already known.

The further discovery that ^-phenylenediamine is incapable of

yielding a Safranine either with ^-toluidine (Witt) or with secondary

or tertiary bases (Nietzki) failed to assist in solving the problem.

The important observation made by Witt that the formation of

Safranine takes place in two stages, firstly an oxidation in the cold

* Ber., 5, 526 (1872). t Ber., 10, 876 (1877).
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to unstable blue dyes (Indamines), which are then converted into the

red Safranines on warming, was valueless at first, since the nature

of these intermediate products themselves was unknown.
The construction of a formula for Safranine capable of explaining

the known facts was made possible on the one hand by the discovery

of the Eurhodines by Witt with the accurate appreciation of its constitu-

tion and its close connection with the Safranines, and on the other

hand by the clearing up of the relationships subsisting between the

latter and the Indamines.

First, as regards the Eurhodines, their constitution was determined

in the following manner. By heating catechol with o-phenylenediamine,

Merz and Ris obtained phenazine :

/\

Catechol

OH RiN

OH H2N—

'

/\ /\=N-/\
+ =

-Phenylenediamine

.

\y=N-
+3H2O

\/
Phenazine.

In a similar manner, catechol and o-toluylenediamino furnished

methylphenazine. The constitution of these compounds is shown
by their mode of formation. It was then proved that a Eurhodine
already known was derived from the foregoing methylphenazine.

The " simplest Toluylene Red," already mentioned in speaking of the

Indamines {q.v.), was converted by Bernthsen and Schweitzer * into

methylphenazine by the elimination of two amino groups, and was
therefore identified as a diaminomethylphenazine :

;.Nn CH3
H2N.C6H3:(..)C«H.^jj^

Toluylene Red must consequently be regarded as an unsym.,

dimethyldiaminomethylphenazine :

(CH3)2N.CgH2^ ^CeH.^^'
-NH.

and its formation from Toluylene Blue can readily be explained by
the assumption that one amino group of the wcto-diamine is in the

ortho position to the connecting nitrogen :

/X

(CH3)N/\/

-NH-,

HoN\y

CHs

NH2

Leuco base of Toluylene Blue.

and that, in the subsequent oxidation and formation of Toluylene

* Ber., 19, 2604, 2690 (1884).
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Red, this amino group engages in the corresponding ortho position

of the second nucleus :

N—NH—/NCH

(CH3)2N/ \/NH2
+

Toluylene Blue (leuco compound).

(CH3)2N/V-^H-\y'^H2
Leuco base of Toluylene Red.

+H2O

Toluylene Red.

Now it was already known that Phenosafranine differed from the

lower homologues of the simplest Toluylene Red, diaminophenazine,

by an additional C6H4 group, and must therefore be a phenylated

diaminophenazine, and it only remained to determine the exact

position of this phenyl group : this was accomplished by the work
of Nietzki, who showed that Safranine can be produced by the com-
bination of an Indamine (or its reduction product ^: ij'-diaminodiphenyl-

amine) with a primary monamine ; it follows from this, therefore,

that the second connecting nitrogen atom must be phenylated.

The formation of Safranine takes place, therefore, in the following

manner :

H2N/\y
-4H =

NH2 H2N/\/\ N /\/\NH2H H
HiNiH

\A^

A
Leucophenosafranine.

For the dye itself, which contains two atoms less of hydrogen, the

two following constitutional formulae were proposed by Bernthsen :

/\/N\/\

HCINH
I

I

-NH2 Hl.N/
|\C1

\y\NH2

II.
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On grounds of analogy with the Eurhoclines Bernthsen considered

formula II to be the more probable, without, however, coming to a

definite decision on the matter.

An argument against this symmetrical formula lay in the fact

that it was incapable of explaining the existence of two diethylsafranines

which Nietzki claimed to have obtained (a) from diethylphenylene-

diamine and two molecules aniline, and (6) from _23-phenylenediamine,

aniline and diethylaniline.

It was therefore generally assumed, following the lead of Witt,* that

the unsymmetrical formula was more in accordance with the facts :

H2N\/VN'

NH2

A few years after, however, G. Korner and Schraube
"f"

destroyed

the main argument for the asymmetrical formula, since they were

able to show that the two " isomeric " diethylsafranines already

mentioned were identical. The correctness of the symmetrical formula

was thus established beyond further question.

Further syntheses of various Safranine derivatives afford additional

evidence of the accuracy of this formula, especially the important

synthesis of Phenosafranine, discovered by Kehrmann, from phenyl-

phenazoniumchloride by the addition of ammonia {vide infra), since

in this case the amino group can only enter one of the benzene nuclei

of the phenazine molecule.

The synthesis of Safranine from, m-aminodiphenylamine and
p-phenylenediamine is also an argument for the symmetrical formula.

As the subjoined formulae show, the condensation of m-amino-
pht>nylamine might proceed in two different^ways :

H2N—lv^NH2 i,^y-NH2 H2N-l^—NH 1^—NH2 H2N—\^=N I—NH2

-0
I

NH2 ' NH2 NH2

* Ber., 19, 3121 (1886). t Ghcm. Ztg., 17, 305.
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In the second instance exemplified above, which leads to an asym-
metric formula, the Indamine nitrogen (indicated by f) must, therefore,

engage in the free benzene nucleus (marked B) of the diphenylamine
radicle. Since, however, on replacing this benzene nucleus by methyl
—i.e. by using methyl-m-phenylenediamine instead of phenyl-m-
phenjdenediamine—a Safranine is produced (Jaubert), it follows that

the reaction can only proceed in the manner expressed by scheme I.

A Safranine is also formed when the diphenylamine derivative,

obtained from picryl chloride and w-phenylenediamine, is oxidized

together with ^-phenylenediamine (Jaubert), a result which also points

to a symmetrical formula :

—>
H2N-L J-NH L >-NH2 H2N-

O2N-/\ -NO2

\y
^Cl

02N-/^-N02

-NH2

Y Y
NO2 NO2

Finally, also, Nietzki, the most strenuous defender of the asym-
metrical formula of Safranine, has contributed a synthetical jjroof

of its inaccuracy. By the condensation of phenyl-w-phenylenediamine
and phenyl-_p-phenylenediamine on the one hand, and from diphenyl-
m-phenylenediamine and ^-phenylenediamine on the other, he obtained
one and the same Phenylsafranine, a result only expHcable by the
assumption of a symmetrical formula for Safranine :

/\ H2N-/\

H2N^

C0H5

\y

H.N-/^

-NH.CeHs H2N-i^-N=s^_NH
. CeHs

CTT 01

CoHsNH- -NH+
I

CeHs

A-N==A
-NH2 CeHs.NH- N=is^-NH2

CeHs CI

The symmetrical formula is now generally accepted, and will there-

fore be used in the following pages.

More recently the question has again been brought up by Barbier

and Sisley, who claim to have shown as a result of their researches

that there are actuall}'- two Safranines, a symmetrical and unsymmet-
rical,* technical Phenosafranine, being said to consist of a mixture
of both. These results have, however, been contradicted.

j"

Bearing in mind the intermediate production of Indamine, the

formation of Safranine may be represented in the following manner :

* Ann. Chim. Phys., 1908, 96.

t Hewitt, Newman and Winmill, Trans. Chem. Soc, 95, 577 (1909); Havas
and Beruhard, Ber., 46, 2723 (1913).
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NH2

y\ /N=-N+HC1+03 =

\y\NH2 NHo/Xy

\y
\y

The Safranines, therefore, are formed by the conjoint oxidation

of 1 molecule of a ^ara-diamine and 2 molecules of a monamine ; and
the conditions under which this result becomes possible are—in harmony
with the above formula—as follows :

1. Only a single amino groiip may be substituted in the para-

diamine used, the Indamine nitrogen being then supplied from the

second group, which is free.

2. One molecule of the monamine employed (or the first one to enter

into the reaction) must have the para position to the amino group un-

occupied, in order to render possible the engagement of the one amino
group of the diamine, or, in other words, the production of the Indamine.

3. The second monamine, or the second molecule of the monamine
employed, must be primary.

In a similar way it has been found possible to elucidate the con-

stitution of the analogous naphthalene derivatives, the so-called

Rosindulines. These are produced by heating aminoazo compounds,
e.g. benzene-azo-a-naphthylamine, with aniline and aniline hydro-

chloride. If we assume that the aminoazo compound is first isomerized

to the anilido-naphthoquinonediimine :

NH

H2N/'\/ jjN^.^—NH.CeHs
Anilido-naphthoqviinonediiinine.

the formation of the dye may be explained thus :

\ /\ =:N . C6H4H
iNH2C6H4H 9MTT* I

J'^y I ;nh2;CcH5
NH: CeHs :

2 Mol. Aniline.

N CeHs

CeHs

-H2 =

CeHs+HCl
CeHs

CcHs CeHs

Phenylrosinduline

.
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If this reaction be modified, by heating the benzene-azo-a-naphthyl-

amine with aniHne and alcohol under presure, the product is a simpler

compound containing one CeHs group less :

=N—

r

H2N/ N-
jXCl

CeHs
Rosinduline.

When this simplest Rosinduline is heated with concentrated

hydrochloric acid, under pressure, the following reaction occurs :

\_
\

=N- /\

NH2'
/|

CI; CeHs

4-

NX
H. = NH4CI4-

\
/\=N-

CeHs

Rosinduline, Rosindone.

the product, Rosindone, furnishing the well-known a-naphthophenazine

:

when distilled over zinc dust kept at red heat.

This systematic degradation of Rosinduline proves the accuracy

of "the constitutional formula already given for the substance. This

is also confirmed by the synthesis of Rosinduline, effected by Kehrmann

and Messinger, from hydroxynaphthoquinonimine and phenyl-o-

phenylenediamine :

\

nw

n^-_/\

\y
+

—iOH Hil^

ci/|

CeHs
Hydroxjmaphtho -

quinonimine.

\

= 2H2O+

\/ H2N/\/

Phenyl-o-

phenylenedianune.

^ CeHs
Rosindijline.

\/

Rosindone is obtained in an analogous manner from hydroxynaph-

thoquinone and phenyl-o-phenylenediamine ;
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\_ /\

0^

o H2;N-

+
OH HN

/\ \
2H2O+

CeHs
Hydroxynaphtho -

quinone.

\
/\

o/\y
\

=N

C6H5

V
Phenyl-0-

phenylenediamine.
Rosindone.

If the corresponding benzene derivatives be used in place of naph-

thaleneazo compounds (e.g. aminoazobenzene), and heated with aniline

and aniline hydrochloride, blue dyes are produced which are termed

Indulines ; these must accordingly be regarded as anilidosafranines.

Constitution of the Safranines. '

During recent years, a considerable amount of research on the

constitution of the Azines has been carried out by Kehrmann, Nietzki,

Jaubert, 0. Fischer, and Hepp. The chief subject of discussion was

the question whether formula I or II should be given to Safranine :

II.

|\C1

V/

\NH2 HN^\/\N/\y\NH2
|\H

I

CI

\/
Since the superoxide formula for the quinones is now obsolete,

the formulae of Bernthsen already given do not need to be con-

sidered further, and the main question to be decided is whether

the Azines have ortho- or ^ara-quinoid structures.

From the great mass of experimental data brought forward in

support of one or the other formula, only the more important results

can be considered here.

According to the or^A-o-quinoid formula, Safranine should contain

two amino groups, but according to the ^^ara-quinoid formula, only

one ; an exact determination, therefore, of the number of amine groups

present in the molecule should render it possible to decide between
these two alternatives.

Following this route, Nietzki * endeavoured to diazotize the amino
group, and then by removing the latter, to obtain the mother substance.

The diazotization and elimination of one amino group took place

in the usual way, yielding a substance, Aposafranine, containing one
NH2 group less, but which, under ordinary conditions, appears to

be incapable of further diazotization. These results 0. Fischer and

* Ber., 19, 3017 (1886).

13
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Hepp, and also Jaubert, utilized as the chief argument in favour of

their ^ara-quinoid formula, further evidence for their views being the

formation of the Safranines, from the undoubtedly ^ara-quinoid

Indamines, and the existence of an oxygen-free Safranine base.

In support of the contrary view, Nietzki and Kehrmann called

attention to the strongly basic character of the Safranines, in distinction

to the weakly basic aminophenazines, which is only explicable by
assuming the presence of a quaternary phenylammonium group :

thus diacetylphenosafranine, and acetylaposafranine form yellow

salts which are not hydrolysed by water, a fact difficult to reconcile

with the ^ara-quinoid structure.

In 1896, Kehrmann * succeeded in diazotizing the green sulphuric

acid solution of Aposafranine, and by eliminating the amino group

he obtained phenylphenazonium chloride

:

|\C1

By a similar process Rosinduline yields the analogous phenyl-

naphthophenazonium chloride ; both are strong bases.

These compounds obviously cannot be ^ara-quinoid. A complete

proof was thus also afforded that the strongly basic character of the

Safranines is due to the quaternary ammonium or azonium group and
not to the imine group, so that the discovery of phenylphenazonium
must be regarded as a decisive event in the determination of the

constitution of this group of substances."}"

Later observations are also in agreement with this view ; Kehrmann J
found that Aposafranine is produced by treating phenylphenazonium
chloride with ammonia, and explained the reaction in the following

manner
;

just as quinone can add on HCl to form chlorhydroquinone,

so the phenylphenazonium salt unites with ammonia, forming leuco

Aposafranine :

-I-NH3 =
NHo

The latter compound is extremely unstable and is oxidized by the

air to Aposafranine.

* Ber., 29, 2316 (1896). f Nietzki, Ber., 29, 2771 (1896).

t Ber., 80, 1566, 2620 (1897); 88, 395 (1900).
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In a similar way, by acetylating Aposafranine and treating the

acetyl derivative with ammonia, acotylphenosafranine is produced :

VAn/\/-NH-COCH3+NH3+0 =
|\C1

-NH-C0CH3

It would be difficult to understand how ammonia could add on to

the non-quinoid nucleus if Aposafranine had a ^ara-quinoid constitution.

In place of ammonia other bases such as methylamine, aniline, etc.,

may be used, thus affording a convenient method for the preparation

of various substituted Safranines, which, in certain cases. Is of technical

importance. Mention may be made of some apparent exceptions

where no addition of the base occurs, e.g. with Rosindulino, and of

Kehrmann's ingenious explanation of this phenomenon by assuming

a change in position of the or^/to-quinoid double linkage.*

The existence of desmotropism between the para- and orf^o-quinoid

forms is by no means excluded, thus the production of two different

methyl ethers of hydroxynaphthophenazine "j" and certain other pheno-

mena due to isomerism { point in this direction.

Further, Grandmougin and Smirous § have shown that the green

triacid Safranine salts obtained by solution in sulphuric acid when treated

with sodium nitrite at first undergo only partial diazotization, but on
standing for some days complete diazotization is effected, and on pouring

into alcohol phenylphenazine is formed. This behaviour they explain

by assuming that the green solution contains a mixture of a yellow

o-quinoid compound and a blue ^-quinoid compound in equilibrium

with one another, so that as the ortho form is diazotized the para form
undergoes change into the desmotropic ortho form and is then fully

diazotized.

Balls, Hewitt and Newman, || also decided, from the examination

of the absorption curves of various azines, that the safranines possess

a tautomeric structure.

* In general the quinoid linkage is in the naphthalene nucleus.

t Kehrmann and Messinger, Ber., 24, 2167 (1891).

i Kehrmann, Ber., 40, 2071 (1907).

§ E. Grandmougin and L. Smirous, Ber., 46, 3425 (1913).

II
Tram. Chem. Soc., 101, 1840 (1912).
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This view is also supported by Kehrmann, who now regards cyclic

quinoneimine dyes as being essentially desmotropic and acquiring

either ortho- or para-quinoid structures according to the conditions,

e.g. he considers that rosinduline and induline salts are o-quinoid, but

the free bases are ^-quinoid.

Generally speaking, however, the ortho-qwinoid formulae afford

the best explanation of the properties of the compounds we are consider-

ing, and will therefore be retained here.

AZINES AND AZONIUM DERIVATIVES.

Phenazine itself is coloured faintly yellow and is a very weak base
;

the introduction of amino groups increases considerably both its dye
character and its basicity ; aminophenazine is orange, and diamino-

phenazine deep red. The salts of the latter are not hydrolysed by
water, the free base being obtainable only by the addition of alkali.

Only the derivatives of diaminophenazine find technical application

as dyes {vide infra).

The salts of phenylphenazonium are also only faintly coloured,

and therefore for the most part useless as dyes ; the corresponding

phenanthrene derivative (from phenanthraquinone and phenyl-o-

phenylenediamine, p. 344), which is prepared under the name oiFlavin-

duline (B.), dyes tannin-mordanted cotton a yellowish-brown and
finds a limited application in cotton printing and for leather.

The monamino derivatives of the azonium compounds of the benzene

series (Aposafranines) are without technical interest ; the corresponding

naphthalene derivatives (Rosindulines) are, however, of practical

value. From these examples it may be seen how the dye character

increases with the size of the molecule.

EURHODINES AND DiAMINOPHENAZINES.

The name Eurhodines was applied originally by Witt only to those

dyes which can be obtained by the action of orf^o-aminoazo compounds
upon a-naphthylamine. Occasionally, however, this term is also

extended to include the diaminophenazines.

Further methods for the formation of aminophenazines are

:

boiling the aqueous solutions of Indamines which have one free amino
group (Toluylene Red) ; acting upon meto-diamines with the nitroso

derivatives of tertiary amines ; condensing hydroxy- or aminoquinones
with or^y^o-diamines, etc. Now that their constitution is understood
the amino and hydroxy derivatives of phenazine and their homologues
(Tolazine, Naphthophenazine, etc.) are also included in this group.

Neutral Red is the name under which Toluylene Red is placed

on the market by L. Cassella & Co. :

_N=/\—CHa

It is prepared by acting on m-toluylenediamine with nitrosodimethyl-

aniline hydrochloride.
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Neutral Violet, made by the same firm, which is prepared from

nitrosodimethylaniline hydrochloride and w-phenylenediamine, may
perhaps be the further transformation product of the dimethyldiamino-

phenazine :

(CH3)2N/\/^N/\/\NH2

first produced bj'' the action of the aminodimethylaniline formed

by the reduction of nitrosodimethylaniUne.

These " Neutral " colours find only limited application.

Eurhodols are acid azines, prepared from the basic forms by
sulphonation and subsequent fusion with caustic soda, or by direct

synthesis. Thus Kehrmann and Messinger, by condensing hydroxy-

naphthoquinone and o-phenylenediamine obtained an a-naphtheur^odol

;

/\

H0/\/ \/
whilst Nietzki and Hasterlik prepared a dihydroxyphenazine

O

W •

\/\
Dihydroxyquinone.

HO- /\
2H2O4-

\y HO-

—N:

\/ -N:

/\

\/
0-Phenylenediamine. Dihydroxyphenazine.

in the same way from dihydroxyquinone and o-phenylene diamine
;

in consequence of the presence of the two ortho-hydroxy groups this

dye is capable of dyeing on a mordant.

The Eurhodols are without technical importance.

Safranines.

These dyes are obtained by the oxidation of Indamines in the

presence of monoamines, or—which comes to the same thing—by the

oxidation of a monoamine with the mixture of bases requisite for

the production of an Indamine, which is the usual method of preparation

adopted. That they may also be obtained from certain aminoazo
compounds (Witt's method) can be explained in a similar manner to

the formation of Rosinduline (p. 351).

Dyes of the Safranine class are also now prepared by condensing

p-diamines with m-diamines and by acting with monoamines upon
compounds related to the Aposafranines.
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As already pointed out (see Constitution of the Safranines), the

Safranines differ from the diaminophenazines in that their azine

nitrogen is phenylated ; they are therefore strong quaternary bases.

The solutions of their salts are not precipitated by alkalis ; the

ether-soluble bases possess the anhydro structure {vide infra).

A very characteristic property of the Safranines (and also of the

Eurhodines) is the series of remarkable colour changes which they

exhibit on treatment with acids. On dissolving Safranine in oleum,

a brown-red solution is obtained which on dilution passes successively

through green, blue and red ; by adding acids to the red aqueous

solution the same series of colours is exhibited in reverse order. This

phenomenon may be explained by the varying basicity of the amino
groups in the Safranine molecule and the step-wise salt formation

which is thereby caused ; one obtains therefore just so many colours

as there are basic groups present, (The yellow aqueous solution

of phenylphenazonium becomes red-brown with acids, the red solution

of Aposafranine becomes green at first, with monohydrate reddish-

brown, etc.)

Frequently it is found that the " second " salt of a diamine compound
shows colour and spectral relationships identical with those of the salt

of the monoamine body, the effect of the additional salt formation being

to neutralize the chromophoric effect of the particular amino group

;

for instance, the " second " coloration of the 1:3, 3:7 or 3:11 diamino

salts being the same as that of 3-aminophenylphenazonium chloride.*

These extremely interesting phenomena cannot be discussed here

in further detail ; they correspond to the colour changes which have

also been observed in certain other classes of dyes, e.g. Triphenylmethane

dyes, etc.

The true Safranines are the 3:6-diamino derivatives of phenyl-

phenazonium, which may be further substituted in the nucleus or in

the amino groups.

Phenosafranine is the simplest Safranine, and was prepared by Witt

in 1878 by oxidizing together one mol. ^-phenylenediamine and two

mols. aniline. As already pointed out, its constitution agrees with

the formula :

H2N/\/^N/\/\NH2
.

CeHs CI

Its interest is chiefly theoretical.

Safranine.—The various brands on the market {extra G, J, S, etc.)

are mixtures of Tolusafranines and Phenotolusafranines. Their

composition depends upon the nature of the materials employed.

For the production of Safranine, an aniline oil, rich in ortho-tohndiney

" Aniline for Safranine " is used, or the " Echappes "
f from Magenta

* Kehrmann, Havas and Grandmougin, Ber., 46, 2802 (1913).

t The mixture of recovered bases which distils over during the preparation

of Magenta.
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manufacture. By the action of nitrous acid an azo compound is

produced :

CHs

0--i--0
CH3

I

NH2

which on reduction with zinc dust spHts up into _p-toluylenediamine

and o-toluidine as shown by the dotted line.

If this mixture be then oxidized with potassium bichromate in the

presence of anihne, the chief product is a Safranine of the following

constitution :

CH.X /\ ^Nv^/CH3

/ |\ai.

/ /\ \

the method of formation being shown by the dotted lines.

Besides this Safranine, C20 (me50-phenyl-3:6-dianiinoditolazonium

chloride), the formation of an isomeric C20 (weso-o-tolyl-3 : 6-diamino-

phenotolazonium chloride) and of an homologous Safranine, C21

(me50-o-tolyl-3 : 6-diaminoditolazonium chloride) might be expected
;

actually Kehrmann and Wetter * have shown that technical Tolu-

safranine does consist of three differently methylated isomers.

In combination with certain dyes, such as Methylene Blue, Safranine

is fairly fast, and is much used for wool dyeing and calico printing.

Safranine has been shown to be poisonous, foodstuffs coloured with

it producing a peculiar skin eruption. "j* The subcutaneous injection of

005 gm. Safranine hydrochloride per 1 kg. body weight, is fatal to dogs.

On diazotizing Safranine and coupling with jS-naphthol, an azo

compound is produced with the properties of a basic colour which dyes

cotton an indigo shade of great fastness. This important • dye, first

patented by Kegel (Beyer and Kegel of Leipzig) has been brought

into commerce as the water-soluble hydrochloride by the B.A.S.F.,

under the name oilndoine Blue ; identical with this are Naphthindone
BB (C), Diazine Blue BR (K.), Bengaline Blue (K.) (a mixture of

Indoine and Methylene Blue), Janus Blue (M.L.B.), Indoine Blue (By.)

and Vacance'ine Blue (B.D.L.). r •

Methylindone (C.) is an Indoine Blue obtained from amino-

naphthols.

Diazine Green (K.) and Janus Green (M.L.B.) are less important

dyes obtained by the combination of dimethylaniline withdiazosafranine.

Diazine Black (K.) and Janus Black (M.L.B.) are obtained by the

action of phenol upon diazosafranine.

* Ber., 31, 866 (1898).

t According to Th. Weil [Zeitach./. Hygiene, 7, 3fl (1891)].
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Lastly, blue basic dyes can be prepared by the action of aldehydes

and ketones upon unsymmetrically alkylated Safranines.

Violet shades are produced by alkylation of the amino groups of

Safranine, phenylation producing bluer shades ; this behaviour being

similar to that of the Rosanilines (see Triphenylmethane dyes). For
the production of these compounds, the corresponding substituted

components are usually employed.

Methylene Violet 3RA (M.L.B.), which is much used in calico

printing, can be obtained in this way from nitrosodimethylaniline and
phenyl-m-phenylenediamins ; the tetraethjdsafranine, known as Iris

Violet, or Amethyst (K.), is of less importance.

The Rhodulines are very clear red tannin colours ; Brilliant

Rhoduline is very suitable for staining microscopical preparations.

It can be prepared according to the following scheme :

/\-N0 ^-CHs /\,^N-/*N,-CH8
+

H2NA ANH2 CH3.HN-4CH3.HN- v/ -NH2

CH3 CeHs CH3 CeHs

Girofle (D.H.), Clematine (G.), Safranine MN (B.) or Tannin
Heliotrope (C ) is prepared by the action of nitrosodimethylaniline

hydrochloride upon a mixture of the hydrochlorides of m- and^-xylidine,

or by the oxidation of ^-aminodimethylaniline with aniline or with

aniline and o- or ^-toluidine, the products differing only in the number
and position of the methyl groups.

Safrosanilines result on oxidizing an Indamine together with

diaminodiphenylmethane.

A number of violet and blue Azines can be produced from nitroso-

anilines and phenylated (or naphthylated) m-diamines, or phenylated

naphthylenediamines. They may be regarded as phenylated (or naph-

thylated) Safranines. Examples of such dyes are Mauveine, Indazine,

Naphthazine Blue, Diphene Blue (Akt.), etc. Naphthazine Blue is an
acid dye, the remainder being basic dyes.

Mauveine.—In the hope of obtaining quinine synthetically, Perkin

oxidized allyl-toluidine and later also aniline, in 1856, and in so doing

obtained a violet dye. Towards the end of 1857 this colour was
put on the market in alcoholic solution, being known in England as
" Mauve "or " Tyrian Purple," and on the Continent as " Aniline

Violet," or '' Perkin's Violet." At present it, is usually known as

Mauveine. Mauveine was the first aniline dye to be prepared on a

technical scale, and encouraged chemists to seek for others ; it is,

therefore, of great historical interest, but is at present only produced

in very limited quantities. It is used to a small extent as the sulphate,

Rosalan, for blueing white silk and, until 1900, was utilized for printing

the old violet penny stamps.

The constitution of the Mauveine class of dyes was for long unknown,

and we are indebted to the researches of Perkin, O. Fischer and Hepp,

which showed the Mauveines to be phenylated Safranines, or Apo-

safranines. This was established by the synthesis of the simplest
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Mauveine, Phenomauveine * which Fischer and Hepp obtained from
nitrosoaniline and diphenyl-w-phenylenediamine :

a
NO
+
H2N/

|\C1

CsHs
Nitrosoaniline. Dlphenyl-m-phenylenediaraine

On eliminating the amino group by diazotization, phenomauveine is,

converted into phenylaposafranine ^ :

+0=
NH.CeHg NH.CeHs

C6H5

Phenomauveine.

/\/^%.y\

H2N/\An^\/\NH . CeHs

N^/\

\NH.C6H5

Rosalan, or Methylene Heliotrope O (M.), which is prepared by
oxidizing ^-aminodiphenylamine with aniline and o-toluidine, is used

in calico printing ; it is a tolumauveine.

Indazine (C.) is a very clear, bright blue dye which is distinguished

by special fastness to alkalis. It was much used for topping Vat Blue

on linen, but has been largely superseded by Indoine Blue.

It is prepared from nitrosodimethylaniline and diphenyl-m-phenj'^1-

enediaraine, and is therefore a dimethylphenomauveine, or dimethyl-

phenylsafranine :

-NO /\
(CH3)2N- H2N-

/\

IXci
C6H5

\y NH

CeHs

(CH3)2N- -NH.CeHs

It is probable that the ^''^'^i^o^i^^^^yl^^ili^^ which is

formed by the reduction of the nitrosodimethylaniline acts upon the

quinoid nucleus, resulting in the formation of compounds such as:

(CH3)2N/

^N\X\/NH . CeHi . N{CH3)2

-^N/\/\NH.06H5

Ci C6H5

corresponding to the Indulines, which will be discussed later, and
offers a better explanation of the blue colour.

Safranines with aliphatic azonium groups can be prepared by
analogous reactions ; they are termed generically Rhodulines, and
are very similar in character to the Safranines. Their mother substance,

methylphenazonium chloride, has recently been prepared by Kehrmann

* Parkin's " Pseudomauveine," which he obtained by the oxidation of aniline,

t Kehrmann, Ber., 50, 664 (1917).
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and Havas * from phenazine and dimethyl sulphate. By adding on
ammonia these compounds yield derivatives analogous to the Apo-
safranines or Safranines ; this synthesis may be looked upon as an
extension of the Safranine synthesis already given (pp. 354-5).

The simplest Rhoduline, 3 : 7-diamino-5-methylphenazonium
chloride, has also been prepared by Kehrmann and Ramm by methyla-

tion of 3 : 7-diacetylaminophenazine,"!' and subsequent hydrolysis.

In this group the only dye that appears to be of any technical

importance is Fast Neutral Violet B (C.) ; it is produced from nitroso-

dialkylaniline and symmetrical diethyl-m-phenylenediamine and
possesses the following composition :'

(C2H5)N/\/-^N/\/\NH.C2H5 '

C2H5 CI

It dyes tannin-mordanted cotton a fast violet.

A derivative of tolunaphthazine, Induline Scarlet

:

\/\= N- /\-

NH2/\y
CI C2H5

CH3

V
possesses a certain technical value ; it is prepared by melting together

the azo derivative of eth3'l-^-toluidine with a-naphthylamine hydro-

chloride. It is chiefly used as a catalyst in Rongalite discharges,

and as a tannin dye in calico printing.

Safranine Sulphonic Acids.

Naphthazine Blue (D. and M.L.B.) is a cheap blue with good

covering power. It can also be used with mordants. It is a competitor

with Sulphoncyanine (By.) in wool dyeing, but is less fast than this

and has not attained to great importance ; it is produced from

nitrosodimethylaniline and a disulphonic acid of ^-dinaphthyl-w-

phenylenediamine.

Brilliant Blue (D.) is Naphthazine Blue mixed with Naphthol Black.

Further acid dyes of the Safranine series which are sold as Acid
Cyanines (A.) are obtained by oxidizing p-nitro-jp'-aminodiphenylamine

sulphonic acid with secondary or tertiary amines or their sulphonic

acids, to form indamines which are then converted into nitro safranine-

sulphonic acids on treatment with a primary amine in presence of

an oxidizing agent, followed by reduction of the nitro group, f

The B.A.S.F. also obtain a triaminobenzene sulphonic acid (starting

from 2-nitro-3:5-dichlor-6-benzene sulphonic acid in which the two

* Ber., 46, 343 (1913). f ^f'*-. 51, 385 (1918).

% D.R.P. 186597, 186598, 193472.
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chlorine atoms are replaced successively by amino groups) which,

on oxidizing together with monamines or their sulphonic acids, yields

red to bluish-green acid dyes. In a similar way Naphthosafranine

sulphonic acids can be obtained by selecting suitable intermediates.*

By the oxidation of ^-diamines, which contain one free amino group,

with substituted 1 : 3-naphthylenediamines and derivatives (especially

diphenyl 1 : 3-naphthylenediamine sulphonic acids) by means of air in

presence of aramoniacal copper oxide as an oxygen carrier, Bayer &
Co. obtain fast blue to violet dyes known as Wool Fast Blue and Wool
Fast Violet.'f The dyes so obtained are probably sulphonic acids of

Safranines with the following constitution :

H

C6H5—N/\/NN^^\/\NH

QUINOXALINES.

At present the colouring matters of this class are interesting solely

on account of their similarity to the Azines. They were discovered

by Hinsberg, and are prepared by the condensation of aromatic ortho-

diamines with diketones or aldehydes. Thus, the typical Quinoxaline

is obtained by condensing o-phenylenediamine with glyoxal :

-NiHs

o-Phenylenediamine

CHO
+ I . :::

NiH2i CHiO

Glyoxal.

—N-CH
I

-N=CH

Quinoxaline.

+ 2H2O

In general the Quinoxalines are colourless bodies ; the hydro-

quinoxalines, on the other hand, are brightly coloured, e.g. :

-NIH2I CiOi.C6H5 X\

\y
o-Phenylenediamine. Benzil.

-N=C.C6H5
I

-N=C.C6H5

Colourless.

-f2H20

/N-NHjHi CH.:OH|.C6H5

+ I

\y -NIH, ClOCeHs \/

-NH-CH.C6H5
I

-N - C.C6H5
+2H2O

o-Phenylenediamine. Benzoin. Yellow and "fluorescent.

* D.R.P. 206358, 212472. -j- D.R.P. 206646 ; E.P. 18729/08.
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On oxidation, the hydrogenated quinoxalines are converted into

the dehydrogenated form ; the process, however, takes another course

when the imine hydrogen is displaced by organic radicles, the products

in this event being peculiar " azonium bases," allied to the Safranines

which were discovered by Witt

:

/\

CeHs \^—N=C.C6H5

CHJOHi.CcHs \/—N-CH.CeHs
I

CeHs

+2H2O

When this hydroquinoxaline is oxidized the following azonium

derivative is obtained :

—N=C.C6H5
Ln=C.C6H5

The simplest representative of this class of bodies was discovered

by Kehrmann and Messinger :

/\_TdNH2

xx -NH

CiOi.CeHa

+ I

CO.C6H5

-N=C.C6H5
+H2O

C6H5+HCI
Phenyl-o-phenylene- Benzil.

diamine.

. i_N=C.C6H5

CeHs CI

If, in this operation, phenyl-o-phenylenediamine be replaced by

its amino derivatives, azonium compounds are obtained which exhibit

many similarities with the Safranines.

Thus, for example, from aminophenyl-o-naphthylenediamine a

beautiful pink dye is produced, related to the Rosindulines :

\/\/^^C.C6H5

Ceri^'ci
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whilst a Quinoxaline has been obtained from o-toluylenediamine

and isatin * of the following formula :

CH3/\An^C! ~\y

These compounds are without practical importance, although a yellow

acid wool dye, having the formula

C—C6H4
I I

-^^C—C6H4

SOaH/X/X/XSOsH

can be produced from amino -H-acid and phenanthraquinone.

ROSINDULINES AND NaPHTHOSAFRANINES.

The Rosindulines are the monoamino derivatives of phenylnaphtho-
phenazonium and their substitution products. Since phenylnaphtho-
phenazonium exists in two isomeric forms (cf. p. 343), and as further

possibilities of isomerism are present according to whether the amino
group is attached to the naphthalene or the benzene nucleus, the

number of possible isomers is very large ; most of these have been
prepared within recent years by Kehrmann and his pupils. Only a

few of these, however, are of practical interest.

These substances may be produced in several different ways : by
condensing substituted jS-naphthoquinones or j8-naphthoquirioneimines

with phenyl-o-phenylenediamine and similar bodies ; or by heating

aniline and aniline hydrochloride with anilinediazo-a-naphthylamine

(the latter being transformed during the process into anilidonaphtha-

quinomeimine), etc.

Rosinduline itself is of only slight interest ; of more importance
is the disulphonic acid of its phenyl derivative, the sodium salt of which,

Azocarmine, is much used for wool and silk dyeing on account of its

good levelling properties. It has, however, been superseded to some
extent by Azofuchsin.

When heated with acids under pressure, Rosinduline exchanges

an NH2 group for OH, which then forms an internal anhydride, Rosin-

done. Rosinduline G (K.), which dyes silk ponceau to bordeaux-red

shades, appears to be the sodium salt of the monosulphonic acid of

the substance.

Of the so-called IsorosinduUnes, which have the amino group

attached to the benzene nucleus, the most important representative is

Neutral Blue.

This is prepared by the action of nitrosodimethylaniline upon
phenyl-j8-naphthylamine :

* Hinsberg, Ann., 237, 344.
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/\-

(CH3)2N-

-NO /\/
+

\/ HN-

/\

/\/^%/\/

A *

(CH3)2N-

+ HC1

|\C1

\/
This Neutral Blue, which is not at all fast, is transformed by heating

with amines into a Naphthophenosafranine :

/\yN<^^/\/

(CH3)2N/\/\N^\/\N<^

CI CeHs

Of this type are the various brands of Diphene Blue (Akt.), which,

like Ethyl Bine (M.L.B.), are chiefly used in calico printing as substitutes

for printing Indulines (Acetine Blues, etc.)

On condensing nitrosodimethylaniline hydrochloride with 2:7-

ditolylnaphthalenediamine, the product is the so-called Basle Blue
(D.H.), which, however, is little used, and has been chiefly replaced

by Indoine Blue.

The simplest Isorosinduline itself is obtained by condensing quinone-

dichlorimine with phenyl-j8-naphthylamine according to the following

equation

:

Cl.N^

N.Cl

+

/\.

/X/

/\

/VN^/X/

H2N/\/^N^\/
CI C0H5

+ HC1
HN/\y

I

CqHs

One of the most important members of the Naphthosafranine series

is Magdala Bed, first made by Schiendl in 1876 by heating

a-aminoazonaphthalene with a-naphthylamine acetate. At the present

time it is made by melting together naphthylamine hydrochloride,

a-naphthylamine and aminoazonaphthalene. It has the constitution :

\
/

H2N/\/-^N/\y\NH2
f\Cl

C10H7



QUINONEIMINE DYES 367

In spite of its high price it is still used to a limited extent for producing

pink shades on silk.

Naphthyl Colours.—Under the names NaphthylJTiolet, Naphthyl
Blue, and Naphthyl Red, Kalle & Co. put on the market a number of

dyes, which consist of sulphonated Naphthosafranines, and possess

certain valuable tinctorial properties. They are suitable for silk, on

which fibre they produce fluorescent dyeings.

They are produced from various nitrosonaphthol-, or -naphthylamine

derivatives, as well as by heating benzene-azo- a-naphthylamine

(phenylated or not) with a-naphthylamine hydrochloride and aniline.

They have the following constitutional formulae, from which their

near relationship to Magdala Red may be seen :

N-/\

-\/\NH2

/ \

CoHs
Naphthyl Red.

/

\/\NH
CeHs

Naphthyl Violet.

/"

:N-

HN/ -0
/\

I l\
CeHs CeHs CI

Naphthyl Blue

\NH

CeHs

H2N/\/
l\

C10H7 CI

Magdala Red

\/\NH2

Naphthyl Violet and Naphthyl Blue are, therefore, phenylated

derivatives of Naphthyl Red.

Azindone G and R (Kalle & Co.) are indigo-blue tannin colours

very closely allied to the Naphthyl dyes.

Indulines and Nigrosines.

Since the early days of the aniline dye industry, a number of violet,

bluish and grey dyes have been put on the market as Indulines,

Nigrosines, Blue Coupler, Fast Blue, etc., the constitutions of which

are closely related to those of the Safranines, and which must also

be regarded as azine derivatives.

The first Induline was prepared by H. Caro and J. Dale by heating

aniline hydrochloride with sodium nitrite. It was soon recognized

that the process involved the action of aniline hydrochloride upon
aminoazobenzene, and that various products could be obtained accord-

ing to the temperature and duration of heating. The first product

is the so-called Azophenine, which on further heating is converted into

Induline B (also known as Azodiphenyl Blue), then into Induline 3B,

and finally into Induline QB.

On a large scale the dye is prepared by heating aminoazobenzene and

aniline hydrochloride dissolved in aniline, the so-called Induline-melt.
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These dyes are soluble either in alcohol or water ; the former are
chiefly hydrochlorides, and serve as fast tannin dyes in calico printing,

and also for the manufacture of lakes and inks. The water-soluble
varieties are chiefly alkali salts of sulphonic acids, obtained by
sulphonating the non-water-soluble Indulines, and are used for wool
and silk dyeing. Reducing agents convert them into leuco bases,

which are readily oxidized by the air to the original dyes. They
dissolve in concentrated sulphuric acid with a fine blue colour.

As already mentioned, these dyes are produced by the so-called

Induline-melt. The Spirit-Indulines first formed are converted on
further heating with aniline and its hydrochloride into blue dyes of

greater value (Witt). On heating it, for example, with ^-phenylene-
diamine, a water-soluble Induline is produced, the hydrochloride of

which has been placed on the market by Dahl & Co. as Paraphenylene
Blue. This may also be prepared directly by heating aminoazobenzene
with ^-phenylenediamine ; a similar product is also formed if ^-toluyl-

enediamine be used in the place of the latter : it is manufactured by
Oehler under the name of Toluylene Blue.

Water-soluble Indulines may, however, also be produced by a
modification of the old Induline-melt, by allowing aminoazobenzene,
aniline, and aniline hydrochloride to react with each other in concen-

trated aqueous solution.

Indulines are further produced in various ways, e.g. by the oxidation

of aniline ; they are, therefore, also formed in the Magenta-melt ; the

Violaniline mentioned when discussing this process is an Induline.

The following additional methods of formation of Indulines may
be noted :

1. By heating azobenzene with aniline hydrochloride to 200-230° C.

(Stadeler), or with ^-phenylenediamine and a little ammonium
chloride (Fr. Bayer & Co.), water-soluble Indulines being produced
in the latter case.

2. From phenols or quinones and aminoazo compounds or from
hydroxyazo compounds and aniline.

3. Water-soluble Indulines are produced from aminoazo compounds
of the naphthalene series and diamines which contain a tertiary amino
group (B.A.S.F.).

4. By the action of ^-diamines upon certain azo dyes obtained

from 1:5- or 1 : 8-naphthylaminediamines, or upon the tetrazo com-
pounds of a-naphthol, e.g. (CeHsN^N—)2=CioH5.0H (0. Hoffmann).

5. By melting aminoazobenzene or the Indulines themselves with
benzidine hydrochloride, substantive cotton dyes being thus produced
(R. Hirsch).

Greyish-blue dyes, known as Nigrosines, can be produced in similar

ways, and are closely related to the Indulines. Following a suggestion

of H. Caro, those dyes which are produced from amines and azo com-
pounds are to be termed Indulines, whilst those produced from nitro-

benzene or nitrophenols receive the name Nigrosines.

For a long time few clues could be obtained as to the constitution

of these dyes. It was observed by Witt that, by using phenylamino-

azobenzene instead of aminoazobenzene, the Induline formation
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took place more smoothly and without evolution of ammonia (which

is the case when aminoazobenzene is used), from which it was deduced

that the Induline molecule contained the diphenylamine grouping.

The admirable researches of 0. Fischer and Hepp, on the one hand,

and of Kehrmann and Messinger on the other, have now, however,

made it possible for us to obtain an insight into the constitution of

the Indulines.

The Indulines are blue dyes, which are to be regarded as phenyl-

ated Safranines. Indamine Blue (M.L.B.), which is obtained by
stopping, at an early stage in the process, the melt of aminoazobenzene

with a large excess of aniline hydrochloride, probably has the formula

C30H24N4CI =
I

H2NA/\N^\/\NH . CeHs

CeHs CI

On longer heating, " anilidation " or phenylation takes place in

the quinoid nucleus with the formation of bluer brands, e.g.

Indulin 3B-C36H28N4CI =
|

CeHs^I

C6H5 .HN\ /\ ^N\/\ /NH . C6H5

Indulin 6B : C42H35N5CI = n)

C6H5 . hn/X/'^nA^xnh . C6H5

CghI'cI

It is somewhat difficult to carry out the melt in such a manner
that quite uniform products shall be obtained and most commercial"
products are therefore probably mixtures. By pouring the melt into

hydrochloric acid, excess of aniline is removed, and the Indulines

are converted into hydrochlorides. These are insoluble in water,

but, like the corresponding bases, are soluble in alcohol, and are made
use of as Spirit-soluble Induline, Induline Base R, BB, etc., Fast
Blue, Indigene, or Printing Blue. They are used to a certain extent

for varnishes, but their chief use is in calico printing ; for this purpose
they are dissolved in acetine, or less frequently in Isevulinic acid or

ethyltartaric acid ; this solution is used under the name of Acetine
Blue (B.), Acetine Induline (M.L.B.), Printing Induline, etc., for the

production of dark-blue grounds in calico printing.

On sulphonation they are converted into acid dyes soluble in

water, the sodium salts of which are sold as Fast Blue R, 3R,
Induline 3B, 6B, etc., and are used for dyeing wool and silk. The
acids themselves of these acid colours are insoluble in water, on which
account they dye somewhat unevenly ; in spite of this, however,
they find considerable application in the dyeing of woollens and for

printing woollen goods.
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Paraphenylene Blue of Dahl & Co., and Toluylene Blue of Oehler,

are also to be reckoned amongst the blue Indulines ; they are of only slight

practical importance. (This Toluylene Blue is, of course, different from

the dye of the same name mentioned among the Indamines.)

The dyes prepared from ^-phenylenediamine have the advantage

that the Induline hydrochlorides so obtained are soluble in water

or dilute acetic acid. It is probable that amino groups are present

in the side chains according to the following formula :

H2N . C6H4 .HN/\/^N
CeHr, CI

NH.C6H4.NH2

\NH.C6H5
(?)

which explains their solubility and stronger basicity. Their fastness

on the fibre can be increased by chroming, but the dyes are of no

great importance.

Nigrosines.—Nigrosine is the term applied to those grey Indulines

which are obtained on adding nitrobenzene or nitrophenol to the

melt. Little is known as to their constitution ; some of them
contain varying amounts of the Fluorindines (p. 385).

Since 1863, th6 Coupler Magenta process (oxidation of aniline

hydrochloride with nitrobenzene) has been utilized for the production

of Nigrosines (grey Indulines), using crude aniline containing toluidine

and xylidine ; for the production of blue-black dyes, iron-, copper-,

or tin-chlorides may be added to the melt. By using pure aniline,

Coupler obtained " Bleu Noir." According to Wolff, Nigrosines

may also be obtained on oxidizing aniline with metallic chlorides,

or by heating the residues from the Magenta process with aniline and

acetic acid. Spirit-soluble Nigrosine is chiefly used for the preparation

of alcoholic varnishes, for colouring tin-foil (bottle capsules), leather, etc.

The water-soluble Nigrosines (various brands), obtained by sulphona-

tion are chiefly used in wool dyeing. Amongst these are to be reckoned

wool dyes such as Aniline Grey, Steel Grey, Fast Blue Black, etc.

Dihydrodiazines.

Grandmougin and Leemann * have prepared certain double azines,

isomeric with the Fluorindines, which they term Dihydrodiazines.

The simplest compound, Dihydrodiazine (I) :

H NO2H

X\/N'

\y^N.

I

H

/\/Nv^

no2/\/^nA/
II /\/N\y\/N02

\/^N^
H NO2

* Bcr., 41, 1295 (1908).
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has not, so far, been obtained, but its tetranitro derivative (II) is known,
and may be obtained by treating hexanitroazobenzene with aniline, the

ortho nitro group being displaced by the aniline group with sub-

sequent oxidation. By heating with hydrochloric acid under pressure

the nitro groups are split off and replaced by chlorine atoms.

The Dihydrodiazines are strongly coloured violet to blue substances

without dye character. The same is also true in the case of N-dini-

tranilido-dinitrohydrophenazine *
: .

NO2

HN-/ \-NOv

/%/N\/\/N02

H NO2

which may be obtained in a similar manner from pentanitroazobenzene

and aniline, and in the cases of the N-phenyl compounds, f and the

simple dinitrohydrophenazine . J

Thiazines.

On oxidizing a solution of _p-phenylenediamine with ferric chloride

in the presence of hydrogen sulphide, a violet dye is produced, named
Lauth^s Violet, after its discoverer, Lauth (1876). Its constitution,

and consequently the structure of the related dyes, was determined

by Bernthsen in the following manner : by the action of sulphur

upon diphenylamine, thiodiphenylamine is produced :

on nitration this yields a ^-dinitro product :

NOi^X/N s A^\N02
which is converted on reduction into di-p-aminothiodiphenylamine

/NwNHs^

H2N/\/\ s A^\NH2
This compound is identical with the leuco base of Lauth's

Violet, and is converted on oxidation into this dye.

* Ber., 41, 1306 (1908).

t Kehrmann and Messinger, Ber., 26, 2377 (1893).

X Kehrmann and Havas, Ber., 46, 348 ; Grandmougin and Leemann, Ber.,

41, 1309 (1908).
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Lauth's Violet has consequently one of the two following con-

stitutional formulae :

HCl.HN^V^S
or

\NH2

p-Quinoid:

CI

0-Quinoid.

For a long time the ^ara-quinoid formula was used exclusively,

since the assumption of tetravalent sulphur, which is demanded by
the ortho-quinoid structure, appeared to be rather unusual. At
the same time, it was impossible to ignore the close analogy between
the Thiazines and the Safranines, consequently the ^ara-quinoid

formula, which was then held to be correct for the Thiazines beyond
the possibility of doubt, offered a very strong support for the para-

quinoid structure of the Safranines. As, therefore, the ortho-

quinoid formula for the Safranines (see Constitution of the Safranines)

became more and more probable, and finally gained general acceptance,

it also became obvious that the same mode of formulation must
hold good for the Thiazines (and the Oxazines).* Meanwhile the so-

called Thionium bases had been discovered, in which the strongly

basic character of tetravalent sulphur was undeniable.

It was again Kehrmann who confirmed the new formula experi-

mentally by his important researches.

f

By treating thiodiphenylamine with bromine, he

obtaining the salt of a base to which he gave the name
base "

:

j
+Br2 =

\y^ s x^^sV

succeeded in
" Azthionium

+ HBr2

Br
Diphenazthionivim bromide.

The salt obtained in analogous ways from Oxazine are termed
Azoxonium salts," assuming the presence of tetravalent oxygen

:

Acid radical.

Diphenazoxonium salt.

These bases are weak and their salts easily decomposed ; there

can be no doubt, however, as to their basic character, so that it is

* More recently, however, Kehrmann has expressed the view that dyes of the

cyclic quinoneimine class, such as the Thiazines, Oxazines, Azines, etc., are essen-

tially desmotropic substances possessing either ortho- or paro-quinoid structures

according to circumstances. Cf. Ann., 414, 131 (1918).

f Constitution of the Oxazine and Thiazine dyes, Ann., 322, 1 (1902).
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impossible to deny the assumption that tetravalent sulphur, or oxygen,

is present, as the case may be.

If now in these compounds the positions 3 and 6 (para to the

nitrogen atom) are substituted by positive groups, stable compounds
are produced, which are strong bases, e.g. :

N^/\

H2N/\/\S^\/\NH2 (CH3)2N/\

CI

Lauth's Violet.

Diaminodiphenazthionium chloride.

S^\/\N(CH3)2
I

CI

Methylene Blue.

3 : G-Tetramethyldiamino-

diphenazthionium chloride.

The cause of this considerable increase in the basicity cannot be

determined with any certainty ; the fact remains, however, that

salt formation occurs at the sulphur atom, since 3 : 6-dimethyl- and

3 : 6-diacetyldiaminophenazthionium are both strong bases, though

not so strong as the amino compound :

CHa/

N^/\

s^\y\cH3
I

CI

CH3.C0.HN/\/-^S
i

CI

\NH . CO . CHs

The above-mentioned parent substances stand in the same re-

lation to the Thiazines or Oxazines as phenylphenazonium to the

Safranines ; they similarly add on ammonia or amines and are converted

into the actual dyes. In the same way one amino group may be

removed from Lauth's Violet by diazotization, so obtaining the

thio-analogue of Aposafranine :

\NH2

3-Aminodiphenazthionium chloride.

This substance may be diazotized and coupled in the ordinary

way, which only appears to be possible on the assumption of an ortho-

quinoid structure.

As regards the nomenclature of these compounds, Nietzki has

suggested that those Thiazines corresponding to Lauth's Violet should

be termed " Thiazines," whilst those which contain an hydroxy!

group should be called " Thiazones " ; at the same time it seems

more practical to allow the name to indicate its relationship ' with

the mother substance (Lauth's Violet=3:6-diaminophenazthionium
chloride, etc.).

The compounds belonging to this class (as also the corresponding

Azines and Oxazines) show a peculiar behaviour on the addition of
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alkali :
* on treating an aqueous solution of Methylene Blue with

caustic soda, or by shaking it with silver oxide, the solution remains

apparently unaltered, and probably contains the free Thionium base

corresponding to the salt (which is insoluble in ether), and consequently

on shaking with ether leaves the latter colourless. If, however,

the amino groups still contain free hydrogen atoms, as, for example,

New Methylene Blue N :

C2H3 .NH/\/^S^\AnH . C2H5
I I I

CH3 CI CH3

the thionium base first formed loses water at once and is converted

into an anhydride, which is soluble in ether to a deep red solution.

Whether this compound is produced by the formation of an inner

anhydride (I) or by transformation into the jp-quinoid form (II) has

not yet been decided with certainty :

/VN\/\

C2H5 .HN/\/^S^\/\N . C2H5

CH3 CH3

II.

C2H5 . HN/\/\S /\/-^N . C2H5

CH3 CHa

At the same time, the ^-quinoid form is the more probable, since

Phenylene Blue, the simplest Indamine, shows the same behaviour :

/\/N%/\

H2N/\y \y'^NH2 . HCl
Blue.

/\/N^/\

H2N/\/ \y^NH
Red.

(Soluble in ether.)

If the alkaline solution of Methylene Blue be allowed to stand

some time, a base is formed by degrees, which dissolves with a red

colour in ether, methyl alcohol being split off, and a similar anhydride

or imine base being produced.

On shaking with water, this anhydride is readily hydrated and is

transfor^led into the blue thionium base ; the latter, however, as

may be readily determined with the spectroscope is no longer Methylene

Blue, but a product containing one CH3*group less. Methylene Azure.

The relationships here are therefore very similar in many respects

to those which hold good with the Triphenylmethane dyes (cf.'p. 184).

The leuco compound of Methylene Bliie has been obtained by

Atack t by reducing the free dye base by means of phenyl hydrazine.

It is a strong base which is unaffected by neutral oxidizing agents, but

in the presence of acids or ammonia Methylene Blue is at once formed.

* Havas and Grandmougin, unpublished research,

t J. Soc. Dyers and Col, 31, 183 (1916).
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The analytical determination of the basic dyes is often carried

out by making the dye solution alkaline and extracting with ether
;

it must, however, be noted that it is not always the original unchanged
dye which is recovered.

The Thiazines are considerably faster, especially to acids, than
the Indamines and the Indophenols ; in this respect also, therefore,

they correspond with the Azine dyes.

Technically, only a few representatives of the Thiazine group are

utilized, of which Methylene Blue is the most important.

Methylene Blue.—Methylene Blue was discovered in 1877 by
Caro ;

* it may be produced in the same way as Lauth's Violet by
utilizing dimethyl-^-phenylenediamine in the process, or by oxidizing

the base produced by the action of hydrogen sulphide upon nitroso-

dimethylaniline : it is, therefore, the tetramethyl derivative of Lauth's

Violet corresponding to the following formula :

(CH3)2N/\/\S^\/\N(CH3)2
I

CI

The relationship subsisting between Lauth's Violet and Methylene
Blue was shown by Bernthsen in the research already quoted : he

showed that leuco Methylene Blue and the leuco compound obtained

from Lauth's Violet by exhaustive methylation are identical.

At the present time Methylene Blue is prepared exclusively by the

so-called " Thiosulphate Process," which consists in oxidizing a mixture

of dimethyl-p-phenylenediamine and dimethylaniline in presence

of sodium thiosulphate and zinc chloride.

This process takes place very smoothly, although the reaction is

in reality somewhat complicated ; the various stages are as follows :

^-Aminodimethylaniline is first oxidized to the corresponding

quinoneimine and the latter then adds on thiosulphonic acid (typical

quinone reaction) :

/X/NH2 /\/NH

(CH3)2N/\y
/\
H CI

(CH3)2N^\y
I

CI

(CH3)2N/

/\/NH,

SO2OH

and by the action of dimethylaniline upon the latter substance, in

presence of an oxidizing agent, the thiosulphonic acid of an Indamine
is produced :

NN(CH3)2(CH3)2N^\/\S \/\N(CH3)2 (CH3)2N/\/n s

OH SO2OH
* E.P. 3751/77 ; D.R.P. 1886 ; the latter patent is of interest as being the

first dye patented in Germany under the new Patent Law introduced in 1877.



376 DYE CHEMISTRY

This green Indamine is converted into leuco Methylene Blue with
separation of sulphuric acid and closing of the ring, and is then oxidized

further to the actual dye.

The latter then crystallizes out in the form of its sparingly soluble

zinc chloride double salt.

One can, of course, start with an Indamine and convert this into

Methylene Blue by treatment with thiosulphate and an oxidizing

agent. Sodium bichromate is usually employed as the oxidizing

agent. The chief advantage of the thiosulphate process as compared
with the older method is that one-half of the ^-aminodimethyl-
aniline is replaced by the cheaper dimethylaniline ; in addition the

new process gives a better yield and a purer product.

An interesting synthesis from the scientific standpoint has been
effected by Kehrmann * in the following manner. Thiodiphenylamine
and bromine are warmed together in glacial acetic acid, phenazthioniura

perbromide being precipitated in brownish-red crystals ; on treating

the latter with alcoholic dimethylamine Methylene Blue is at once

formed in practically quantitative yield. This process is analogous

to the formation of phenosafranine from phenylphenazonium chloride

(cf. p. 354).

Methylene Blue comes on the market, either as the zinc chloride

double salt or zinc-free, in numerous different brands and is of great

importance for cotton dyeing and calico printing. It is usually fixed

with the aid of tannin. It is unsuitable for dyeing wool as such dyeings

are extremely sensitive to light ; it is used also to some extent on

silk. On cotton it is considerabh'^ faster than the majority of

aniline dyes, and is especially valuable for producing blue shades.

Monophenyl Methylene Blue (phenyltrimethylthionine) has been

prepared by Kehrmann, f but somewhat unexpectedly it shows little

difference in shade from Methylene Blue itself.

Nitrous or nitric acids convert Methylene Blue into a green dye,

Methylene Green, which is a nitrated Methylene Blue. J It is the

fastest green basic dye. Its aqueous solutions are remarkable for

their pronounced dichroism at high concentrationsi

In addition to its use in cotton dyeing with a tannin mordant,

it is much used for topping black silk dyeings, in particular with the

so-called Monopole Black produced by means of Catechu and Logwood
upon tin-weighted. silk.

Other representatives of the Thiazine series are Thionine Blue
(M.L.B.) and New Methylene Blue and Thiocarmine of Cassella & Co.

New Methylene Blue is a Methylene Blue prepared from nitroso-

ethyl-o-toluidine in place of nitrosodimethylaniline (cf. p. 374).

It has a redder shade and is faster to acids, but less so to alkalis

than Methylene Blue itself ; several brands consist of mixtures of

dyes.

Thiocarmine is a benzylated Methylene Blue sulphonic acid and

may be used in wool dyeing as an acid dye in place of Indigo Carmine.

* Ber., 49, 63 (1916).

t Ber., 49, 1013 (1916).

J Grandmougin and Walder, Zeitsch. f. Farbenchemie, 1906, 285.
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which is not so fast to washing. On account, however, of its sensi-

tiveness to light it is now very little used.

Brilliant Alizarin Blue {By.).—The various brands of this dye

are obtained by condensing ^8-naphthoquinone or its sulphonic acid *

with nitrosodimethylaniline in presence of sodium thiosulphate and
acetic acid ; similarly dimethyl- or diethyl-2)-phenylenediaminethio-

sulphonic acid may be condensed with j8-naphthoquinonemono- or

disulphonic acids, or jS-naphthoquinone with sulphobenzylethyl-^)-

phenylenediaminethiosulphonic acid and analogous compounds.

The dyes so prepared have the structural formula?

:

OH

/X/\

O3S—

-OH

I

=s-

OH

or

V^^-N(C.H5)2 N-<^^^_N<c,h';
/CH2 . CcHi . SO3

They possess excellent fastness and are used as the chrome lakes

in wool dyeing ; the SD brand is suitable also for printing.

To this class belong also the Chrome dyes Indochromogene S
and Indochromine T (S.).

Similar Thiazine dyes are produced by condensing phenanthrene-
quinone with unsymmetrical dialkylated ^'-P^ienylenediaminethio-

sulphonic acids.

f

The derivatives corresponding to the Indophenols are produced
from the Thiazines by boiling them with caustic lye and are termed
ThionoUnes.

Methylene Blue thus yields a dimethylthionoline, Methylene
Violet :

or

0/\y\s\/\N(CH3)2 O^V/\S/\/\N(CH3)2

The parent substances of these compounds have been prepared
by Vidal from hydroquinone and ^-aminophenol or jp-phenylenediamine
by treatment with sulphur :

/VNK

H0/\/\ s
Leucothionol

\0H HO/X/N s /^\/\NH2
Leucothjonoline.

Leucogallothionine DH (D.H.) is produced by the action of

alkylated jpara-diaminothiosulphonic acids upon gallic acid or gallio

acid derivatives, and probably has the formula :

* If 1:2: 4-/3-naphthoqtunonesulphonic acid be used the sulphonic group is

split off during the condensation,

t D.R.P. 123963.
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COR'

R2N/ \0H

OH
Owing to the presence of the gallic acid radical these compounds

may be used as mordant dyes, and yield blue to violet shades on chrome
mordanted wool.

The oxidation product, Gallothionine, was prepared originally by
Nietzki by the simultaneous oxidation of gallic acid and the mercaptan
of _p-aminodimethylaniline.*

A recent development in the Thiazine series is the synthesis of

the selenazine derivative corresponding to Methylene Blue "j*
:

(CHa)^/ ^N(CH3)2

by a modification of Kehrmann's synthesis (cf. p. 376). Selenodi-

phenylamine is heated with bromine in glacial acetic acid, and the
phenazselenonium perbromide so formed treated with dimethyl-
amine, selenomethylene blue being produced. It closely resembles

Methylene Blue in colour and general characteristics, but is intended
primarily as a therapeutic agent.

OXAZINES.

By heating 1 molecule of j8-naphthol with 1 molecule of nitroso-

dimethylaniline hydrochloride, dissolved in glacial acetic acid,

Meldola, in 1879, obtained a blue dye, which, like all those

prepared in the same manner, was known by the group name of
" Meldola's Dyes." At the present time, their constitution being
known, they are termed Oxazines.

To this class belong a number of dyes, mostly blue to violet, certain

of which are used for dyeing and printing cotton.

At first they were regarded as a special class of the Indophenols :

/\

\/%0 \/\N(CH3)2

Indophenol.

nr/\/^N(GH3)2
I

CI
Oxazine.

* D.R.P. 73556 ; E.P. 6692/93.

t P. Karrer, Ber., 49, 697 (1916); 61, 190 (lfll8).
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It was soon recognized, however, that they were the analogues of the

Azines and Thiazines. Kehrmann, as a result of the examination

of the properties of phenazoxonium chloride (p. 372) and similar

compounds discovered by him, assigns an ortho-quinoid formula to

the Oxazines similar to the Thiazines, and formulates Meldola Blue,

for example, thus :

\/\^Nv/\

V/^O^N/\N(CH3)2
I

CI

The Azines are linked up in this manner with the Pyronines,

Rosamines and Rhodamines (vide p. 240), which are similarly assumed
to contain tetravaknt oxygen, and actually there are found to be

many points of analogy between these various classes of compounds.
From the formula it may be seen that the Oxazines possess a pro-

nounced basic character in distinction to the Indophenols which are

chemically somewhat inert.

MeldoWs Blue comes into commerce as a hydrochloride or as the

zinc-chloride double salt under the name of New Blue (C, 'By.),

Naphthylene Blue R in crystals (By.), Cotton Blue R (B.A.S.F.), Fast
Blue 2B for cotton, Naphthol Blue, etc. It has the disadvantage of

being sensitive to alkalis.

According to a patent issued to the Farbwerk Hoechst (Ullrich)

Oxazines may be produced upon the fibre* the process consisting in

printing a solution of the components, with the addition of oxalic

acid and tannin, on the material ; the dye is produced on steaming.

The best results are obtained by combining nitrosodimethylaniline

and resorcinol (V. Fussganger).* The Nitroso Blue so produced is

used technically on account of its beautiful indigo shade and great

fastness,

Capri Blue (Leonhardt & Co.) is produced from nitrosodimethyl-

aniline and dimethyl-m-aminocresol or diethyl-m-aminocresol, and
is fast to light, but is somewhat expensive :

CH3

X\/N(CH3)2 CH3-/V^^

(CH3)2N/XAo^
I

CI

\N(CH3)-

Cresyl Blue (Leonhardt & Co.) is used chiefly for tannin discharge

effects ; it is produced by the action of nitrosodiethyl-m-amino-p-

cresol upon aromatic diamines.

* Other dyes of this class have been described by V. Fussganger {Dissertation,

Basle, 1900).
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Nile Blue (B.A.S.F.) is a tannin colour characterized by great
purity of tone.* It is formed from nitrosodimethyl- or -diethyl-

w-aminophenol and a-naphthylamine, and possesses the formula :

/\.

-^N\X\

H2N/V^O/\/\N(CH3)2
. 1

,

CI

Muscarine (Durand and Huguenin) is produced from nitroso-

dimethylaniline and 2:7-dihydroxynaphthalene, and is accordingly
an hydroxylated Meldola Blue :

OH

\/\^^V^

\/^0Ay\N(CH3)2
I

CI

Cyanamines : these dyes are produced by the action of amines
upon Oxazines which have the p-position to the azine-nitrogen free,

and which allow of the introduction of an amino group. The reaction

is completely analogous to the formation of Phenosafranine from
Aposafranine by the addition of ammonia.

New Methylene Blu£ (C.) is obtained by the action of dimethyl-

amine upon Meldola Blue,, and is accordingly a dimethylated Nile

Blue of the constitution :

/\ .

\/\^N>

(CH3)2N/\/^0
!

CI

\N(CH3)2

A Cyanamine is also formed in the course of the New Blue synthesis,

the ^-aminodimethylaniline, formed by reduction of the nitro-

sodimethylaniline, reacting with ' the Meldola Blue to produce the

compound "j* :

* The BB brand, a benzylated Nile Blue, is so sensitive to alkali that it may
be used for testing the resisting powers of different glasses.

t Since the reaction occurs in the naphthalene nucleus the position of the

quinoid linkage in Meldola Blue is thus established. In the case of Cyanamine
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(CH3)2N . CeHi . HN/\y^O/\/\N(CH3)2
I

CI

which dyes noticeably bluer shades. It is marketed as New Blue B
(C), Cotton Blue B (B.A.S.F.), Fast Cotton Blue (M.L.B.), etc., and is

used in cotton dyeing either alone or in combination with other basic

dyes.

Fast Green M (D. & H.) is produced from Muscarine and aniline,

and Fast Black (L.) by condensing nitrosodimethylaniline hydro-

chloride with hydroxydiphenylamine.

Tetra-alkyldiaminobenzhydrol condenses with Oxazines with

elimination of water to form new colouring matters (as shown by
Bayer & Co.), which have been investigated by Mohlau ; from Meldola

Blue and Michler's ketone, for exaraple, the compound :

[(CH3)2N.C6Hi]2.CH/ \N(CH3)2

is produced, which is used in cotton dyeing under the name New Fast
Blue or New Indigo Blue (By.).

Another interesting method for the preparation of Oxazine dyes

consists in condensing phenanthraquinone with ^-amino-m-hydroxy-
dialkylanilines :

/\/NH2
(R=Alkyl.)

It2NAy\0H

Whilst all the Oxazine dyes so far discussed have been basic colours

which are used almost exclusively for dyeing cotton with the aid of

tannin, mordant dyes of this class can also be prepared which have
attained to great importance on account of their iDrilliant shades and
satisfactory fastness.

The oldest dye of this class is Gallocyanine or Violet Solide. It

is produced by heating nitrosodimethylaniline hydrochloride and

itself it is somewhat doubtful which nucleus is qviinoid. In the case ol such un-

symmetrical derivatives two isomeric forms might be expected to exist, but have
not hitherto been noted, since the position of the double linkages can apparently

change readily. In consequence only one form is observed corresponding to the

more stable of the two forms in the given circumstanoes. «
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gallic acid, best in methyl alcohol solution, the free compound having

the formula :

COOH COOH
I

/\^NxX\
or

\/\N(CH3)2 0/\/'^0/\/\N(CH3)2

OH
I

OH
I

p-Quinoid (older formula). o-Quinoid.

Gallocyanine is a mordant dye ; its chrome lake, which give fast

violet shades, is used in wool-dyeing for bottoming log-M^ood, and also

in calico printing.

Closely related to it is Gallamine Blue (Gg.) (By.), from gallamic

• acid, C6H2(OH)3.CONH2, and nitrosodimethyl aniline, and Celestine

Blue (By.), or Coreine 2R, produced in a similar manner from nitroso-

diethylaniline ; both products are mordant dyes, which yield clearer

shades than Gallocyanine.

Gallocyanine dyes can also be converted into their chromium com-
pounds, which can be fixed directly by printing on cotton, wool or silk

without mordants. Gallamine Blue, for instance, on treating with

sodium acetate and bichromate is precipitated as its chromium compound,

which can be used directly for printing.*

A methyl ether of Gallocyanine is put on the market by Sandoz

& Co., under the name of Prune ; the unalkylated derivative corre-

spondin'g to Gallamine Blue is produced from quinonedichlorimine

and gallamic acid.f

Delphine Blue B (Sandoz) (By.) and Chrome Azurine (D.H.) are

formed by heating Gallocyanine with aniline, the carboxyl group being

split oflf and the aniline radical CeHs.NH entering as a substituent.

The anilide so formed is then sulphonated, the sulphonic group attaching

itself to the aniline group.

J

On treating Gallamine Blue with aniline, Gallanil Blue is obtained,

which yields Gallanil Indigo on sulphonation. Nitration of Gallanil

Blue yields Gallanil Green or Solid Green G (D. & H.). Gallophenin D
(By.) also belongs to this class, and is used in calico printing on account

of its clear shades.

The valuable properties of Gallocyanin offered an incentive to

chemists to discover other colours derived from it, so that we now
have a considerable number of newer dyes of this type, which are

classed together as " Dyes of the Gallocyanine Class."

First may be mentioned the dyes obtained by Ch. de la Harpe
by the action of phenols on Gallocyanines ; resorcinol is generally used

as the phenol, and in this case, as in the parallel case of the action

of aniline on Gallocyanine, it is probable that the carboxyl group is

* E.P. 15751/16 (I).

t D.R.P. 257833 ; E.P. 7161/13 (Sandoz).

X It is most probable that the €(5115.NH— group takes up a position ortho to

the OArboxyl group ; it used to be thought that it replaced the COOH group.
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expelled and the phenol radical introduced ; one such dye, Pheno-
cyanine (D.H.) is much used in calico printing.

If the carboxyl group be protected by alkylation the resorci'nol

group occupies the free position ortho to the —COOH group.* In

general the products obtained seem to depend upon the condition

under which the reaction occurs ; the Phenocyanines are produced

in acid solution, and the JJltracyanines (Sandoz) in alkaline solution.

The considerable importance of the colouring matters of the Gallo-

cyanine group mentioned in the foregoing paragraphs depends on their

brilliance of shade which is fully equal to that of the basic colours,

whilst they have far greater fastness. In addition they can be readily

and quickly fixed in calico printing ; they may be used as discharge

pastes on grounds capable of being bleached with hydrosulphite,

whilst they can themselves be discharged to a pure white by means
of chlorate.

The great reactivity of the Gallocyanines depends on the one hand
upon their quinone character and on the other hand upon the presence

of the gallic acid radical.

The action of amines results in the formation of anilido derivatives,

f

such as the Delphine Blue, already noted, Chrome Azurine S (S.),

Core'ine AR, AB, ABN (D. & H.), etc. Not only can primary amines

and diamines be used (e.g. Modern Cyanine (D. & H.) ), % but

secondary amines, aliphatic amines, or ammonia itself maj^ be used,

e.g. Aminogallamine Blue (D. & H.).§

The action of reducing agents leads to the formation of a leuco

product, e.g. Deep Blue R extra (D. & H.)

:

HOOC H

/VN

H0/\/\0/\/\NR2
I

OH
or, if sulphurous acid, sulphites, hydrosulphite or the like be, used,

sulphonic acids of the leuco compounds are formed, such as Chromo-
cyanine, Rhine Blue, Brilliant Gallocyanine, Indalizarin, Modern
Violet (D.H.), Chromoglaucine (M.L.B.). Under certain conditions

products resembling quinhydrones are produced, characterized by
their greater solubility, e.g. Ultraviolet LGP (S.).

Direct sulphonation of the Gallocyanines is usually only possible

with their leuco compounds ; the anilido derivatives are somewhat
more suited for this treatment. The sulphonated dyes may also be

produced synthetically from dialkylamino-azobenzenesulphonic acids

and gallic acid or their derivatives, e.g. Gallocyanine MS (D. & H.).

* Constitution of the Phenocyanines, see Mohlau and Klimmer, Zeitsch. f.

Farben. Ind., 1, 62 (1902).

t Grandmougin and Bodmer, Ber., 41, 604 (1908) ; Jour. f. praJct. Chem., 77,

498.

t D.R.P. 189940, 189941 ; E.P. 21949/06. »

§ D.R.P. 199846 ; E.P. 12067/08.
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Such sulphonic acids find frequent application as wool dyes with

chrome mordants.

In addition it is possible to remove the anilido radical by the action

of acids, its place being taken by hydroxyl, thus an hydroxy-Prune
is obtained from Prune-anilide :

COOCH3

C6H5.HN\/\^N\/\

I

OH

COOCH3

HO\/\^N-

o/'X/'^o
I

OH
\N(CH3)5

Prune-anilide. Hydroxy-Prune.

the colours so obtained yielding bright blue shades on chrome mordants
(e.g. Modern Azurine DH).

The carboxyl group of the gallic acid nucleus can be readily split

off ; this scission takes place especially easily in faintly alkaline

media on boiling, the product being Pyrogallocj^anine, the leuco

product of which

:

H0/\/^0/\/\NR2

OH

finds an application in calico printing under the name of Modern
Violet N (D. & H.).*

Pyrogallolcyanine-sulphonic acids (D. & H.) are formed by condensing

nitrosodialkylamines with pyrogallol-5-sulphonic acid | and serve

as wool dyes. The presence of the gallic acid radicle makes the

gallocyanines very sensitive to nitric and nitrous acids ; nitro derivatives,

therefore, such as Gallanil Green, or Indalizarin Green, can only

be obtained under special conditions.

Finally, by condensing Gallocyanine with Schaffer's acid, Gallazine

(D. & H.) is produced, the constitution of which corresponds probably

to the Phenocyanines, and further, by the action of formaldehyde

on Gallocyanines, dyes are produced of a bluer shade : Modern Blue

(D. & H.), etc.J

With the exception of Gallanil Blue, the colouring matters of the

Gallocj^anine class may be brominated or chlorinated directly yielding

halogen derivatives, which afford bluer and faster shades than the

original dyes.§

The great reactivity of the Gallocyanines renders it quite probable

that other derivatives may be obtained from this soilrce in the future.

* D.R.P. 201149, 205215. f D-RP- 203145; E.P. 19002/07, 19003/07.

X D.R.P. 167805 ; E.P. 3497/05. § E.P. 14159/15 (I.).
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Oxazones : the Gallocyanine colours are used chiefly as mordant
dyes, although they still possess a slightly basic character. A purely

phenolic character is possessed only by those Oxazones which are

substituted by hydroxyl groups, of which Alizarin Green G and B
(W.D.C.) may be mentioned, which is produced by the action of

^-naphthoquinone-sulphonic acid upon aminonaphthol-sulphonic acids.

They yield green shades on chrome-mordanted wool, but are only

of slight importance.

Weselski's Dyes : a considerable time ago Weselski * obtained a

dye by the action of nitrous acid upon an ethereal solution of resorcinol,

which he assumed to be a diazo compound and named Diazoresorcin.

By heating this with concentrated sulphuric acid he obtained Diazo-

resorufin, a dye whose bluish-red alkaline solution exhibits a wonderful

vermilion fluorescence. The tetrabrom derivative of Diazoresorufin

has been introduced into commerce by the Gesellschaft fiir chemische

Industrie as a silk dye, under the name of Resorcin Blue [Fluorescent

Blue, Iris Blue (B.A.S.F.)].

By heating resorcinol with sodium nitrite Benedikt and Julius

finally obtained a dye which owing to its great sensitiveness to acids,

is used to some extent as an indicator under the name of Lackmoid.
These dyes are of little technical importance and were recognized

by Nietzki | as Oxazones ; Weselski's so-called " Diazoresorufin
"

has the following constitution :

/\^N\ /\y^%X\
or

HO/X/^0/^vy\0 HO/\/\0/X/"^0

Its production from resorcinol and nitrous acid may be explained

thus : resorcinol first reacts with nitrous acid to yield nitrosoresorcinol,

which then condenses with a second molecule of resorcinol to form the

dye :

+ = 2H20 +

Diazoresorcin (now usually known as Resazurin) contains one

atom oxygen more than Diazoresorufin ; its formula is not yet settled.

Oxazones of the naphthalene series have been prepared by Kehrmann
and others.

Fluorindines.

This name is applied to a series of dyes discovered by H. Caro and
Witt. They are prepared by heating Induline bases above their

melting-point, and are, therefore, always formed when an Induline

melt is carried out at a relatively high temperature. A characteristic

* A7m., 162, 273.

t Ber., 22, 3020 (1889); 23, 718 (1890) ; 24, 3366 (1891).

14
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feature of these products is the brilliant red fluorescence of their solu-

tions, this, however, is not universally the case since the Fluorindine

of the naphthalene series prepared by R. Nietzki and A. Vollenbruck *

shows no fluorescence.

The Fluorindines have been investigated by 0. Fischer and Hepp,
according to whom the Fluorindine derived from Azophenine has the

following constitution :

CeHg

/^—HN— =N /\

CeHs
Azophenine

-N=

CeHs
Fluorindine

y\
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It is probable that substances of this type are formed from
diarylidoquinones on heating with metallic chlorides in a high

boiling solvent ;
* on further treatment with sodium sulphide yellow

to brown vat colours are formed {Helindone Yellow, Helindone

Broton, cf. p. 482).

Aniline Black.

Of the dyes of the quinoneimine group whose constitution is not

yet fully established, Aniline Black undoubtedly possesses the greatest

importance.

This dye is produced by the oxidation of aniline in acid solution

and has been known for a very considerable period. Runge in 1834,

and Fritsche in 1840, both noticed the formation of dark green to

blue-black substances by the action of chromic acid on aniline : later

it was found that other oxidizing agents could be used, such as chlorates,

manganese dioxide, etc. Goppelsroeder and Coquillon showed that

the electric current could also be made to serve the same purpose.

Owing to its insolubility Aniline Black itself is prepared only on
a very small scale, chiefly for use as a black pigment for varnishes

;

it is usually prepared on the fibre by soaking the material in a solution

of aniline hydrochloride containing*'also an oxidizing agent, generally

sodium chlorate, and a suitable catalyst
; f it is then dried and

developed by hanging or steaming at 100°-110° for a short time.

The black dyeing so produced is remarkably clear and fast : it is

quite one of the most important dyes and is utilized on an
enormous scale.

Many attempts have been made to determine its constitution, but

nevertheless the secret of its structure was a matter of conjecture

until quite recently.

According to the analyses of Goppelsroeder, Kayser and Nietzki

it possesses the formula (CeHsN)^.. This formula is reminiscent of the

atomic grouping which plays so important a part in the Indulines,

the more complex Indulines being built up from the lower members
by the multiplication of such groups in the molecule. It did

not therefore seem unreasonable to suggest that Aniline Black might

be a very complex Induline. This hypothesis found support in the

facts that di-^-aminodiphenylamine had been obtained by the energetic

reduction of the dye, and also that on heating Aniline Black with

acid potassium sulphate a red dye was produced similar possibly to

Magdala Red.

It was then found that by heating Aniline Black with aniline a

blue dye was produced
;

gentle reduction converts it into a leuco

compound, and when heated for several hours with fuming sulphuric

acid a compound is obtained which Nietzki considered to be an Aniline

Black sulphonic acid.

Under the action of sulphurous acid Aniline Black becomes greenish,

forming the so-called Emeraldine, the salts of which are green : the

* D.R.P. 253091 ; E.P. 8886/12.

t The catalysts ordinarily used are copper, iron, arsenic or vanadium. Recently

molybdates have also been suggested, cf. de Nagy, King and Odell, E.P. 16203/15.
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base itself is dark blue [Azurine). This body must be regarded as a
lower stage of oxidation than Aniline Black, since it is retransformed

into the latter on oxidation and occurs as an intermediate product
in those processes which lead to the formation of Aniline Black.

These earlier observations, some of which are only partially correct,

were not sufficient to elucidate the nature of the colour. Special

difficulties are involved owing to the fact that the " Aniline Blacks "

produced by different methods are not always identical and the dye
prepared as such has not necessarily the same properties as that pro-

duced on the fibre. It is therefore most important when dealing with
Aniline Black to state the exact process by which it is produced.

It is only fairly recently that the researches of Willstatter and his

pupils on the one hand * and of Green and his students on the other "j*

have so far solved the problem that one can now accept the following

structural formulae as being reasonably correct.

Willstatter, by polymerizing the phenylquinonediimine (obtained

from p-aminodiphenylamine) and oxidizing the product, succeeded in

obtaining a red substance of the following composition :

C24H18N4 - V \y%-^/\/ \y^NH

This so-called " red imine " then undergoes polymerization with a

doubling of the size of the molecule, forming a product known as

Polymerization Black, which has an extremely close resemblance to

the Aniline Black obtained by oxidizing an aniline salt with chromic

acid. On reduction it is practically decolorized, with formation of

leuco Aniline Black, to which without any doubt the following formula

must be assigned :

By the oxidation of this leuco base various quinoid products may
be conceived containing from one to four quinoid groupings. These

have been named by Green Protoemeraldine, Emeraldine, Nigraniline,

and Pernigraniline respectively.

The product obtained by polymerization of the red imine—Poly-

merization Black—corresponds to the triquinoid stage :

/NH\/v /\/Nv\ /\/N^/\ /\/N^

\HN/V \/%N/\/ V^N/\/ \/^NH
Nigraniline= C4gH3eN8.

The di-quinoid derivative is Emeraldine ; its properties are identical

with those of the Emeraldine mentioned above which forms green

* Ber., 42, 2147, 4118 (1909) ; 43, 2588, 2976 (1910); 44, 2162 (1911).

t Ber., 46, 33 (1913); J. Soc. Dyers and Col., 1913, pp. 105, 338.
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salts, the base itself being blue. On further oxidation of this product

the tetraquinoid compound is produced :

Pemigraniline= C^8H34N8.

which represents accordingly the highest stage in the oxidation and
is identical with the ordinary Aniline Black obtained in cold acid

aqueous solution by oxidation with bichromate. Reduction of this

compound yields the leuco base again, via Emeraldine,

The chief evidence for the above formula lies in the fact that Aniline

Black can be very smoothly'' oxidized to quinone except for one-eighth

of the molecule which does not participate in the quinone formation

(corresponding to the one monosubstituted benzene nucleus).

One-eighth of the nitrogen also is split off as ammonia on boiling

with acids, corresponding to the terminal hydrolysable quinoneimine

group. The ready formation of quinone affords evidence in addition

that the benzene nuclei are all joined together in the para positions.

Besides these products, however, we are also acquainted with an
Aniline Black that is not attacked by reducing agents and is hence

known as JJngreenable Aniline Black.

Willstatter regards this substance as being identical with the hydro-

lysed Black, i.e. with the product which is formed by replacing the imino

group of Nigraniline by oxygen. The formula should therefore be ;

JJngreenable Aniline Black {Willstatter),

Willstatter's formula offers a reasonable explanation of the ready
formation of quinone from Aniline Black, but not of the great resistance

to the action of acids, which is remarkable for an Indamine.
Considerable opposition to this formula has been shown in various

quarters,* as it has been pointed out that the condensation may also

take place in other ways, and in particular that orfAo-quinoid Azine
derivatives might be formed by the nuclei uniting in the ortho position.

In addition the Black produced on the fibre, which frequently exhibits

considerable variations in properties, is often not -a uniform pro-

duct and perhaps consists of a mixture of ^-quinoid Indamines and
o-quinoid Azine derivatives.

Such an o-quinoid type of formula appears to be most ih accord with
the properties of Ungreenable Aniline Black. It may be assumed
that the steps requisite for the formation of the black are similar to

those for the production of Safranine, where oxidation in the cold pro-

duces first a ^-quinoid Indamine, the Safranine only being formed on
warming.

* Bucherer, Ber., 40, 3412 (1907) ; 42, 2931 (1909) ; Green, Trans. Chem. Soc,
97, 2388 (1910); Ber., 44, 2570 (1911). •
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The Indamine-like Black of Willstatter, prepared in the cold, is

therefore only an intermediate product, which, during the oxidation

that takes place on warming, adds on further aniline molecules and
forms stable closed rings, one, two or three aniline groups being so

added on.

In this way Azines, or rather Arylazonium, compounds of high

molecular weight are obtained, corresponding to such a formula as the

following :

X\
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practical application as Paramine (B.A.S.F.) and w-aminophenol as

Fuscamine.*
^-Phenylenediamine possesses in addition the noteworthy property

of being able to act as an oxidizing catalyst for i^rodncing Aniline

Black so that oxidation can take place solely with the aid of atmospheric

oxygen.f
^-Aminophenol may also be oxidized in a similar manner to

^^-phenj'lenediamine ; the shades obtained appear to be somewhat
more sensitive to alkalis owing to the presence of the —OH groups.

jj-Toluidine on the contrary yields only a weak brownish colouring

on oxidation and so behaves in quite a different manner.

It therefore seems that the oxidation can take place in very different

wa3^s according to the nature of the substituents.

It may be noted with regard to the oxidation products of these

bases that jo-phenylenediamine yields, on gentle oxidation, the so-called

Bandrowski's Base % :

H2N
\

/NH2

NH'

which is of a red colour. On more energetic oxidation the formation
of products is conceivable in which the addition of further groups
causes a deepening of the colour towards brown or brown- black :

no thorough investigations have, however, been carried out in these

cases, nor as regards the oxidation products of ?n-diamines : the clearing

up of these problems therefore awaits further research.

Naphthylamine Violet is a product, analogous to Aniline Black,

obtained by Piria by the action of oxidizing agents upon naphthylamine.

It has no practical importance.

Oxidation Pkoducts of Amino Compounds.

Basic dyes may be obtained by heating nitrosodimethylaniline

with water or alcohol and are known under various names such as

New Grey (By.), Methylene Grey (M.L.B.), Metanil Grey (L.),

Nigramine (K.), Nigrisine (Soc. St. Denis).

Cinereine and Noir Phemjline (Soc. St. Denis) are similar dyes.

They are used chiefly as cotton dyes and have the interesting

property of being able to dye grey shades directly on unmordanted
cotton.

* D.R.P. 176062, 210643.

t Green, D.R.P. 204514, 208518.

X Ber., 27, 480 (1894) ; cf. also Heiduschka and Goldstein, Arch. Pharm.,

264, 684 (1916).
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To the Quinoneimine group of dyes belong also, in all probability,

a number of colouring matters obtained by the oxidation of various
aromatic amino compounds such as aminodimethylaniline, amino-
phenols, aminonaphtholsulphonic acids, etc.

Certain substances have been introduced into commerce under
the name of " Ursol " for the production of brown colourings upon
furs : the " Z) " brand is^-phenylenediamine,* " P " is ^-aminophenol :

hydrogen peroxide, potassium bichromate, etc., serve as oxidizing

agents.

It may be noted here that in dye-houses where Ursol is employed
certain ailments manifest themselves (eczema, asthma, gastric com-
plaints, inflammation of the eyes) which are caused by the very
poisonous quinone diimines formed as intermediate products in the

oxidation. The dark dye itself, which is a polymerization product
(C6H6N2)3, is quite harmless.f Products of the Ursol class are brought
into the market by the Gesellschaft flir Chemische Industrie under
the name of Furreines.

The so-called Nako colours of the Farbwerke Hochst also belong to

this class : e.g. Nako brozvn DD consists of ^-phenylenediamine with

toluylenediamine, other brands contain ^-aminophenol, etc.

The constitution of the oxidation products has not as yet been

adequately investigated ; it is, however, probable that they depend
upon the nature of the oxidizing agent and the degree of oxidation.

From aniline, ^-diamines and ^-aminophenols ^-quinoneimine dyes

may possibly be produced {q.v.) ; it is also not unlikely that o-quinone-

imine dyes may be formed : in the case of m-diamines in particular

such formation is not improbable.

Brown shades may be produced upon the fibre by means of dini-

trosoresorcinol and ammonia. Various products are said to be formed
according to the conditions of the reaction. J The shades are noticeably

deepened by the addition of tannin or chromic acetate.

Mordant dyes may be produced by condensing o-nitrosonaphthols

with tannin.

§

Dinitrosoresorcinol is converted into brown wool dyes by the

action of sulphites, bisulphites, or hydrosulphites. It is possible that

diaminoresorcinol is first produced by reduction, which may then be

transformed into complex oxazine derivatives. By combining dinitroso-

resorcinol with ^-phenylenediamine in ammonical solution brown
shades may be obtained on the fibre which may be utilized as a resist

in discharge printing by means of sulphites.
||

Literature.

Anilinschwarz und seine Verwendung, by E. Noelting and A. Lehne.

* Cf. Heiduschka and Goldstein, Arch. Pharm., 254, 584 (1916).

t E. Erdmann, Zeit. f. ang. Chem., 1906, 1377.

t Sunder, D.R.P., 207465; Grandmougin, Rev. gen. Mat. Col, 11, 189 (1907).

§ Ashworth and Sandoz, D.R.P. 76633, 75634; cf. also E.P. 11556/93.

11 D.R.P. 216297.



ACRIDINES

The parent substance of the dyes belonging to this group is Acridine,

a substance occurring in coal-tar, and which may also be synthesized

from diphenylamine and formic acid :

< y
H

N H + OHi—C=iO

H
H

- 2H2O
. + N— CH

o
X / Formic acid.

Diph, nylamine.

It is now usual to give Acridine an o-quinoid formula

. H

which indicates rather better, perhaps, the coloured nature of its

derivatives, and particularly their analogy with the Azine group.

It should, however, be noted that Kehrmann now considers that

cyclic quinoneimines, including acridinium compounds, are essentially

desmotropic substances, becoming either ^ara-quinoid or ori/io-quinoid

according to circumstances.* For convenience the ortho formulation

will be retained here.

A similar relationship exists between Acridine and Phenazine

derivatives as does between Azo derivatives and Azomethines. Re-
placement of N by CH reduces the depth of the colour, and in consequence

practically all the Acridine derivatives are yellow or orange, and are

therefore less intensely coloured than the Azine compounds.
Acridine itself is not used as the starting-point for the preparation

of those dyes which are theoreticall}' derived from it—as is the case,

for example, with anthracene and the Alizarin group—so that for the

present it is of no practical value.

As already mentioned when discussing the triphenylmethane

dyes a yellow dye is always found among the products of the Magenta-

* F. Kehrmann, Ann., 414, 131 (1918).
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melt, which was named Chrysaniline by Hofmann, who discovered it.

Nicholson isolated it and introduced its nitrate into commerce as

Phosphine. As the first yellow basic dye it attained some importance,

but at the present day its position is seriously threatened by other

synthetic products, such as Eheonine (B.A.S.F.), Coriphosphine

(By.) ; and Patent Phosphine (Ges. f. Chem. Ind.). It is used in con-

siderable quantities for dyeing leather and for calico printing. The
constitution of Chrysaniline was recognized by 0. Fischer and Korner

in 1884, when thej'^ succeeded in obtaining from its tetrazo compound
the known phenylacridine.

Chrysaniline, consequently, is a diaminophenylacridine. Its syn-

thetic preparation shortly afterwards, from aniline and o-nitrobenz-

aldehyde, at once explained its formation in the magenta process as

the result of a concurrent " ortho condensation " (see p. 189), and proved

the para position of the amino groups relative to the carbon attached

to the three benzene nuclei.

Chrysaniline, therefore, has the following constitutional formula :

C =

NHo

With the exception of Phosphine, which is also sold as Canelle OF
(B.A.S.F.), and Vitoline Yellow 5G (t. M.), the acridine colours are in

nearly all cases prepared synthetically on the lines of the acridine

synthesis. Thus Benzoflavine, which is homologous with Chrysaniline,

was prepared by Oehler in 1887, by the condensation of benzaldehyde

and meto-toluylenediamine. In this case the acridine ring is

formed by elimination of ammonia, the resulting hydroacridine being

converted into the dye by oxidation.* This synthesis can be repre-

sented by the following equations :

H:.N\/\/NH2 H2N\/\/NH2 H2N\/\/NH2 H2N\/\/NH2

H3C/\/ H O Hi
•

II

'

CH
\CHa H3C/ -CH- \y\cB.^

\y
* R. Meyer and Gross, Ber., 32, 2352 (1899).
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H2N\/\/NHx/\/NH2 H2N\/X /Nc^/\ /NH2

HaCAyNCH/\y\CH3 H3C/\/^cA/\CH3

In a similar way a tetramethyldiaminophenylacridine is formed

from benzaldehyde and 2 mols. m-aminodimethylaniline, which occurs

in commerce as Acridine Orange R (L.).

According to Ullmann, on heating the foregoing intermediate'

product of the formula

p TT CH3
'"«"^(NH2)2

CoHs.CH

\^ „ (NH2)2
CH

with j8-naphthol, elimination of 1 molecule of m-toluylenediamine

occurs, and the leuco base of a naphthacridine :

CeHs.CH

NH2

is formed.

Conversely, j8-naphthol may be displaced by m-toluylenediamine

if, for example, the product from 1 mol. formaldehyde and 2 mols.

^-naphthol be heated with w-toluylenediamine. If both be used,

therefore, an acridine dye of the above composition is formed.

Such dyes have also been obtained by R. Geigy by melting together

w-toluylenediamine with ^-naphthol and sulphur, the —CH3 group of

tlie diamine yielding the " bridge " carbon atom.
In this process, benzaldehyde was afterwards replaced by its nitro

and amino deriA^atives, and finally by formaldehyde ;' i.e. the same
method that led to the New Magenta process in the triphenylmethane
group of dyes (cf. p. 189).

By the condensation of formaldehyde, or formic acid, with meta-

toluylenediamine, A. Leonhardt obtained Acridine Yellow,* and with

meto-aminodimethylaniline the more important Acridine Orange
NO (L.), Rhoduline Orange N (By.), Euchrysine SR (B.A.S.F.). On
heating the components just mentioned in presence of a condensing

agent, the dye is formed direct, e.g. :

* This colour and Benzoflavine, mentioned above, have only very slight technical

importance.
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/N(CH3)2 /C6H3\—N(CH3)2
CH2O2+2C6H4 - CH N +NH3+2H2O

\NH2 ^C6H3^_N(CH3)2
Formic acid. m-Aminodi- Acridine Orange,

methylaniline.

As can be seen, this process bears a certain resemblance to that

by which the Pyronines are formed (q.v.). The dj'es Acridine Red and
Acridine Scarlet (L.) are mixtures of Acridine Orange and Pyronine.

If aldehydes be used as the starting-point for the Acridine synthesis,

the initial products are hydroacridine derivatives, which must be oxidized

in order to convert them into the dyes. If, however, an acid be used

instead of an aldehyde the dye itself will be obtained directly as in the

above case of Acridine Orange.

Acridine dyes are also produced by condensing phthalic anhydride

with m-diamines.* If diethyl-m-phenylenediamine be used for the

condensation Flaveosine is produced, which is the N-analogue of

Rhodaraine | :

(C2H5)2N\ /X/N^/\/N(C2H5).

/^-COOH

It affords beautifully fluorescent shades on silk, but is not a commercial

product.

Additional methods for the production of acridine dyes are also

known.
According to patents of the Badische Anilin- und Soda-fabrik,

Acridine dyes can be produced by fusing tetralkylated diaminobenzo-

phenone with w-phenylenediamine hydrochloride and zinc chloride.

As may be seen from the following equation, there is formed during

this process the intermediate product m-aminophenylauramine % :

/C6H4N(CH3)2 /NH2
/f'^'^^^^'\^^

CO + H2|N-<^ ^ ^ ^^

\C6H4N(CH3)2
+H20

^C6H4N(CH3)2
m-Aminophenylauramine

.

(CH3)2N- -NH2 (CH3)2N- /\ N=/\-NH2

— C:

C6H4N(CH3)2
m-Aminophenylauramine.

* D.R.P. 141356; E.P. 11711/02.

t Grandmougin and Lang, Ber., 42, 4014 (1909).

C6H4N(CH3)2
Tetramethjdrheonine.

X Ber., 42, 3631 (1909).
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By this method the Rheonines are produced, which are colours specially

suited for dyeing leather.

Whereas, in the above synthetic processes, it is necessary to take
2 molecules of the expensive me^a-diamine, Acridine dyes can now
be prepared—according to patents of the Hochst Farbwerke—from
1 molecule of this substance by condensation with o-aminobenzyl-
aniline. Hvdroacridines :

+ 1=1
NH.CeHs

o-Aminobenzvlaniline.

-NH2
+C6H5NHi+NH3

-CHs

are first formed, which are oxidized to the actual colouring matters by
the action of atmospheric oxygen.

Further, the Hochst Farbwerke have prepared various Chrysanilines

by a reaction resembling the Magenta-melt process, viz. by oxidizing

^-toluidine and m-nitraniline with ferric chloride. The first products

are probably triphenylraethane derivatives, which are then converted

into Acridine dyes by elimination of ammonia and oxidation.

The dye Flavophosphine (M.L.B.) (various brands), which is fre-

quently used for calico printing, is probably to be reckoned among
the Acridine dyes prepared in this manner.

Brown Acridine dyes, intended chiefly for leather dyeing, are pre-

pared by Cassella & Co. in a similar manner by oxidizing diamines

with aromatic nitro compounds in presence of hydrochloric acid : one

of the amino groups in such diamines must be in the ortho position to

a methyl group.

In recent years efforts have been directed towards the production

of more soluble Acridine dyes. This increased solubility may be attained

in various ways : by alkylating the finished dye, by treating it with

formaldehyde, formic acid or acetaldehyde, or by preparing its salts

with fatty acids.

The most practicable method is that of alkylation ; by this means
the weakly basic acridine dyes containing a tertiary nitrogen atom
are converted into quaternary ammonium, or rather acridonium,

compounds stable to alkali.

Various alkylating agents may be used for this purpose, such

as alkyl halides, dimethyl sulphate,* alphylsulphonic esters, and,

according to the Farbwerke vorm. Meister, Lucius Bruning, even

HCl + alcohol at elevated temperatures.

|

The process is similar to that for the conversion of the Eurhodines

into Safranines. Examples of such dyes are : Brilliant Phosphine

{J .h.), Aurophosphine (.4.), Sind Patent Phosphine (I.) (various brands).

According to an interesting patent of Cassella & Co. { certain com-

pounds of this class have pronounced physiological action. In

* UUmann, Ber., 33, 2470, 2476 (1900). t E'.P. 9126/02.

X D.R.P. 230412; E.P. 24652/10.
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particular, 3 : 6-diaminoacridinium salts have been used for the
treatment of trypanasomiasis, e.g. sleeping sickness.* 3 : 6-Diamino-
methylacridinium chloride :

H

H2N

Cl CH3

NB.2

has recently sprung into prominence owing to its great antiseptic powers.
It was first used for trypanosomiasis under the name Trypaflavine,
but during the recent war it was shown to possess very remarkable
antiseptic properties,! ^^^ under the name of Acriflavine has been
extensively used for the treatment of war wounds. It is now made
by several firms in Great Britain. The process consists in combining
aniline and formaldehyde to 4 : 4'-diaminodiphenylmethane (I), the

dinitro derivative of which (II) on reduction yields 2 :
2'

: 4 : 4'-tetr-

aminodiphenylmethane, which on heating is converted into 3 : 6-

diaminoacridine (III) :

/\/CH2\

H2N\/ \^'NH2

H2N

CH2-

\N02 02N/\/\NH2
II.

III.

On methylating, Acriflavine results. Still more recently it has
been found that the intermediate (III) forms a sulphate which is practi-

cally as efficient an antiseptic as the methylated product, and is now
manufactured under the name of Proflavine.

The cadmium and silver salts of 2 : 7-dimethyl-3 : 6-diamino-

methylacridinium have also been found to possess very potent dis-

infecting action. {
On treatment with alkali cyanides and subsequent oxidation

Acriflavine yields a cyano derivative which is a red dye § :

CN

NH2

Cl CH3

* Bei^a and Ehrlich, Bcr., 45, 1787 (1912).

t C. S. Browning, R. Gulbranson, E. L. Kennaway, and L. H. D. Thornton,
J. Soc. Chem. Ind., 36, 161 (1917).

t U.S.P. 1227624, 1228926.

§ D.R.P. 269802 (C.) ; P. Ehrlich and L. Benda, Ber., 46, 1931 (1913).
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On further treatment with alkali colourless acridones are formed which
on reduction are converted into dyes with doubled molecular weight

:

CN CH3

cf CH3

Cl CH3

.X\/N/NH2

/X^Cv/x

H2N/\/\ N A^\NH2 H2N/V^nA^\NH2 H2N/'V^^N/\/\NH2

CH3 CH3 d^^'CH3
Bis-acriflavine.

The product has an intense orange colour.*

By transforming Acridine Yellow into its formate, Fr. Bayer & Co.

obtain the easily soluble Aurazine, which is less fast to light than
Auramine, but is more resistant to heat.

Asymmetrically alkylated acridine dyes are also more readily

soluble and possess other useful properties which render them of value

for leather dyeing. Such dyes are, for instance, the Coriphosphines

(By.).t

Finally, we may note the following dyes as also belonging to the

Acridine series : Vitoline Yellow (t.M.) (various brands), and the

greenish-yellow Euchrysine 2G (B.A.S.F.).

* D.R.P. 274358, 278509.

t For production of unsymmetrical Acridines, cf. Ber., 38, 3787 (1906) ; and
D.R.P. 128754, 133709; E.P. 6651/01, 11035/00.
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In many plants, particularly those belonging to the Indigofera

species, a blue dye occurs which is termed Indigotin or Indigo Blue.
It occurs in the form of a glucoside, Indican, which on treatment with
acids is decomposed into Indigo and dextrose, one of the sugars.^

On treating these plants by a special process of lixiviation a product
is recovered which, in addition to its chief constituent. Indigo Blue,

contains other colouring matters, such as Indigo Red and Indigo
Brown, together with Indigo gluten and inorganic matters.

This product, which is only obtained in tropical coimtries, bears

the name Indigo, and has played a principal part in the dyeing of

textile fibres from time immemorial. Indeed, even now Indigo is the

most important dye known. This position it owes to its great fastness,

a quality in which it was formerly unsurpassed by any other blue dye.

The discovery, however, of Indanthrene Blue and of Hydron Blue
has seriously menaced its position.

In this chapter we shall deal only with the chemistry of Indigo
and its synthetic preparation from coal-tar.

For the first synthesis of Indigo Blue and the elucidation of its

constitution we are indebted almost exclusively to the classical researches

of Ad. v. Baeyer. Previous to his researches investigators had but
few relevant facts from which they could draw any conclusions as to

the structure of the Indigo molecule.

It was known that Indigo, CsHsNO, was converted into isatin,

CgHsNOi, on oxidation, that fusion with alkali gave anthranilic acid,

distillation with alkali yielded aniline, and that the action of con-

centrated nitric acid gave ,nitrosalicylic acid and picric acid.

The first and most obvious deduction to be drawn from the fact

that simple aromatic compounds are produced from the Indigo molecule
on vigorous treatment was that the molecule of the dye must contain

at least one benzene nucleus. Further, the production of anthranilic

and (o-aminobenzoic acid) showed that this benzene nucleus must
be present in the form of the atomic grouping :

p^TT —C= (1)C6H4_j^_
(2)

* For the production of Indigo, its comnxercial importance, etc., see under
Natural Dyes (p. 521) : its valuation and application are given in the volume, The
Chemical Technology of Textile Fibres, London, Scott, Greenwood & Son.

f According to van Lookeren Campagne.
400
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Baeyer first attempted to reconvert isatin, the oxidation product
of Indigo, into the dye itself, by reversing the chemical process, i.e.

by reduction. Though at the outset this proved unsuccessful, he never-

theless obtained by this means various other substances, such as oxin-

dole, dioxindole, and subsequently indole itself, the study of which
greatly advanced the knowledge of the constitution of Indigo.

Oxindole proved to be the internal anhydride of o-aminophenylacetic

acid, and dioxindole that of o-aminomandelic acid :

/CH2.COOH /CH2.CO
CeH/ C6H< /

o-Aminophenylacetic acid. Oxindole.

/CH.(OH).COOH ^^ /CH.(OH).CO

\NH2 ^NH-"^
o-Aminomandelic acid. Dioxindole.*

*

Subsequently, Indole,

^ TT —CH—CM

the parent substance of these two compounds, was also isolated by
distilling reduced Indigo with zinc-dust.

That, as w^as assumed by Baeyer, indole is closely connected with
Indigo was afterwards proved by the formation of the dye on treating

indole with ozone (Nencki, 1875).

If the formula given above for indole be correct, it follows that

the substance chosen as the starting-point for its synthesis must contain

the atomic complex :

f^, XT —CH=CH.

—

Such a substance was found by Baeyer and Emmerling in oriho-

nitrocinnamic acid :

C6H4~£H-^CH.COOH

which they actually succeeded in converting into indole in 1869 by
fusing it with potash and iron filings, the potash in this reaction

eliminating carbonic acid and the iron removing the oxygen.

Convinced that indole must be very closely related to Indigo,

Baeyer then endeavoured to arrive at this latter by means of the com-
pound from which he had prepared indole, namely, o-nitrocinnamic

acid.

* Other reasons, such as the formation of oxindole and dioxindole from Isatin,

speak in favour of a tautomeric constitution for this substance, as is expressed

in the following formulae ;

.„ „ /CH2-C.(0H)
p XT

/^^ • (OH)-C . (OH)
C6H4v. ^^ C6H4C _^^===

Oxindole. Dioxindole.
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On comparing the empirical formula of Indigo with that of the
acid in question, it will be seen that they appear to be very closely

connected :

C9H7NO4 -CO2 -H2O = C8H5NO
•

. o-Nitrocinnamic acid. Indigo.

and o nitrocinnamic acid appears also to be nearly allied to Isatin :

C9H7NO4 -CO2 -H2 = C8H5NO2
o-Nitrocinnamic acid. Isatin.

The relationship is, however, not of quite so simple a character,

since, in the first place, in accordance with the vapour density found by
Sommaruga, Indigo has the double formula C16H10N2O2, and secondly,

the conversion expressed by the above equation cannot be effected

by any simple means, e.g. by treatment with concentrated sulphuric
acid".

Baeyer was aware that the carbon dioxide could be easily eliminated
from o-nitrocinnamic acid ; consequently, all that was necessary
was to remove from the acid in question the two atoms of hydrogen
and one atom of oxygen that obviously could not be eliminated in the
form of water. Baeyer now attempted to accomplish this step by step.

First he succeeded in removing two atoms of hydrogen from the acid

in the following manner : the o-nitrocinnamic acid was converted
by the action of bromine into dibromonitro-hydrocinnamic acid :

p „ _CH=CH.COOH
, ,3 ^ „ -CH.Br-CHBr-COOHC6H4_^Q^ +Br2 = C6H4_^Q^

o-Nitrocinnamic acid. Dibromonitro-hydrocinnamic acid.

from which two molecules of hydrobromic acid were then removed
by treating the product with alcoholic potash, thus yielding an acid

containing two atoms of hydrogen less than the o-nitrocinnamic acid,

viz. o-nitrophenylpropiolic acid :

p XT _CH.Br-CH.Br.COOH ^^^ ^ „ —C^C-COOHUM4__j^Q^ -2HBr = C6H4_^q^

Dibromonitro-hydrocinnamic aci^. o-Nitrophenylpropiolic acid.

The production of this acid constituted the most important step

in the synthesis of Indigo. Its empirical formula differa^from that of

Isatin merely in containing an extra CO2, and from that of Indigo

by containing, in addition, one atom iftore of oxygen ;

C0H5NO4 -CO2 = C8H5NO2
o-Nitrophenyl- Isatin.

propiolic acid.

C9H5NO4 -CO4 -0 = CsHsNO
o-Nitrophenyl- Indigo,

propiolic acid.

Consequently it should be possible to convert o-nitrophenylpropiolic
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acid into isatin by elimination of carbon dioxide, and into Indigo

by simultaneous removal of oxygen.

Actually Baeyer obtained isatin on boiling o-nitrophenylpropiolic

acid with caustic lye, and by effecting simultaneously a gentle reduction

by means of grape-sugar Indigo itself was produced.

Indigo Blue, or Indigotin, therefore, is formed when o-nitrophenyl-

propiolic acid is heated with alkali and glucose.

This admirable synthesis of Indigo, which was effected by Baeyer*

in 1880, at first led to very optimistic views with regard to its practical

consequences, and it was believed that natural Indigo would soon be

displaced by the artificial product, just as madder had been superseded

by Alizarin.

As a matter of fact, synthetic Indigo possesses certain valuable

advantages over the natural product, for calico printing in particular,

inasmuch as the final stage of the Baeyer synthetic process—the

conversion of o-nitrophenylpropiolic acid into Indigo — can be performed

on the fibre. The most suitable reducing agent for this purpose has

proved to be sodium xanthogenate, and borax the best alkali.

In this propiolic acid printirtg process, t o-nitrophenylpropiolic

acid in paste form—which was produced by the B. A.S.F. for this purpose

for some time—is printed on the fibre along with sodium xanthogenate,

borax and starch thickening, the reaction (removal of carbon dioxide,

and reduction) being then effected by hanging the fabric in a warm
chamber.

On -account of its numerous defects, however, this blue has not

been very extensively employed in practice. The main reason why
this artificial Indigo could not compete with the natural article was to

be sought in the high price of the former, owing to the poor yield

furnished by the synthetical process. When cinnamic acid is nitrated,

only a comparatively small quantity of the ortho-nitro derivative

—

which alone is suitable for the production of Indigo—is formed in addi-

tion to j)-nitrocinnamic acid ; and even though the nitration of cinnamic

ester converts 70 per cent, of the acid into the or^Ao-nitro derivative,

this yield is still too small to render the operation profitable, finally,

also, the conversion of o-nitrophenylj)ropiolic acid into Indigo is by
no means a smooth process, a portion being alwa3\s changed into

isatin.

Apart from Indole, the study of two other bodies of the Indigo group,

viz. Isatin and Indoxyl, assisted Baeyer considerably in elucidating

the constitution of Indigo.

Isatin has an acid character, and gives metallic compounds, which
by addition of water readily pass over into salts of the so-called isatinic

acid ; this was identified as o-aminophenylglyoxylic acid

:

/CO.COOH(i)
C6H4(

\NH2 (2)

* Ber., 13, 2264 (1880).

I o-Nitrophenylpropiolic acid is also termed propiolic acid for short.
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and isatin must be regarded as its internal imide :

/CH . CO

Other facts favour the hypothesis that isatin is capable of existing

in two modifications, only one of which is stable in the free state. Those
forms which are incapable of existence in a free state were termed
" labile " or " pseudo forms " by v. Baeyer, who proposed the following

two formulae for Isatin :

^ ^ /CO. CO /CO.C(OH)

Lactam Isatin.* Lactim Isatin.*

As already mentioned, the first attempts to convert isatin into

Indigo by reduction were not successful. The reducing agents then
used did not merely deoxidize, but also introduced hydrogen ; as

soon, however, as Baeyer utilized reducing agents incapable of the latter

action (phosphorus trichloride, acetyl chloride and a little phosphorus)
he obtained the desired result.

This conversion of isatin into Indigo must be regarded as the first

synthesis of the latter, as Baeyer soon after (1878) succeeded in pre-

paring Isatin synthetically from Oxindole. On account of the extremely
low yield obtained, the earlier reported formation of Indigo from indole

(Nencki, 1875) can only count as indicating the method of iormation,

though since then the process has been greatly improved.
"f"

Finally, indoxyl, the third compound which assisted most of all

in elucidating the constitution of Indigo, was synthesized by Baeyer
in the following way J : the action of concentrated sulphuric acid on
the ethyl ester of o-nitrophen^dpropiolic acid converts the latter into

an isorneric compound by molecular transformation. This product is

the ethyl ester of an acid which is readily convertible into isatin, and
has, therefore, been named isatogenic acid :

C=C-COOC2H5 /CO-C-COOC.H5
C6H4< • CoHZ /]

\N02 ^N - O
o-Nitrophenylpropiolic ester. Isatogenic ester.

By the action of reducing agents the isatogenic ester is converted

into indoxylic ester, the latter, on saponification, yielding free indoxylic

acid :

CcH/ "^C^COOH
\ NH /
Indoxylic acid.

* These names were proposed by Ad. Baeyer to replace those formerly in use,

viz. Pseudoisatin (Lactam Isatin) and Isatin (Lactim Isatin), Ber., 33, Sonderheft,

p. Ixv).

t Cf. E.P. 9613/01 (B.A.S.F.) ; D.K.P. 130629, 132405.

X Discovered by Bavunann and Tiemann, Ber., 12, 1908 (1879). It was first

obtained in an impui-e form as an easily resinifiable oil. Vorlander [Ber., 36, 1701

(1902)] succeeded later in obtaining it in crystalline form.



INDIGO 405

When this acid is heated to its melting-point, it liberates carbon

dioxide, and is converted into indoxyl, which, like isatin, may exist

in two modifications :

/C.(OH)=CH ^ /CO.CH2
C6H4( ^^ ^^^^(/

Enol indoxyl. • Keto indoxyl.

The great ease with which indoxyl can be oxidized to Indigo,

led Baeyer to the definite assumption that a linkage of two molecules

of indoxyl takes place in this reaction. Now, in order to bring this

assumption into agreement with the formation of Tndigo from o-nitro-

phenylpropiolic acid, it is necessary to regard it as a derivative of a

di2)henyldiacetylerie :

C6H5-C=C-CHC-C6H5

the accuracy of which hypothesis has been demonstrated synthetically

by the conversion of o-dinitrodiphenyldiacetylene into Indigo.

Many reasons favour the belief that the tAvo nitrogen atoms in the

Indigo molecule are contained as imine groups, and that the two

oxygen atoms are attached to the two carbon atoms nearest to the

benzene nucleus.

Consequentl3^ Indigo has the following constitutional formula :

.CO—C=C-OC\ /CO. /C0\^_^
CgH/ / \ ;C6Hi or CcH/ )C=C(

^ JC6H4

Indigo.

This is. further confirmed by the recent work of W. Madelung, who
has synthesized the parent substance of Indigo, termed Diindyl, from

oxal-or^/w-toluidide * by heating for a short time with sodium alcohoiate

at 3-10°-3S0° :

CH33 CHsyx /\^'^\ /^^Y^
CO - CO

I

—

>

c - c

NH/' NnhA/ Vy^NH/ \NHAy
Acet-o-toluidide. Diindyl.

It is a yellow substance sparingly soluble in most organic solvents,

and may be converted into Indigo through its oxime.

It is possible that, in the solid state. Indigo possesses a doubled

molecular weight : this possibility was first suggested by W. Vaubel,

who noted the production of a red intermediate product when Indigo

is reduced to Indigo-white in alcoholic solution. Vaubel assumed this

to be a dihydroindigotin. Molecular weight determinations indicate

that in the state of vapour or dissolved in aniline Indigo has the normal

molecular weight, but in p-toluidine solution the molecular weight

is douhled.f

* Ann., 404, 1, 405, 58; Ber., 45, 1128, 3521 (1912).

t Cham. ZUj., 1901, 725 ; Zeit. /. Ang. Chem., 1901, 892 ; L. Maillard, Chem.

Centr., 1903, II, 628.
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Just as indoxyl

:

/C(OHK
CeHi CH

\ NH /

is converted by oxidation into Indigo, so an analogous compound
4-hydroxyisocarbostyril :

/C(OH)<
C6H4 CH

\CO.NH/

on oxidation gives a red substance, to which S. Gabriel and
J. Colmann gave the name " Carbindigo," and which is entirely

analogous to Indigo in constitution :

/C0\ /C0\ ,^-C0^_ _^C0^_
C6H4 C=C CeHi C6H4 C-C C6H4
\NH/ \NH/ \CO-NH/ \NH.CO/

Indigo. Carbindigo.

It also behaves like Indigo on oxidation and reduction.

Synthesis of, Indigo from o-nitrohenzaldehyde (Baeyer and Drewson).
'•—The condensation of o-nitrobenzaldehyde with acetone yields o-nitro-

phenyl lactomethylketone : ,

/COH (1) /CH . (OH) . CH2 . CO . CH3
C6H4C +CH3.CO.CH3 = CoH4( •

\N02 (2) \N02
o-Nitrobenzaldehyde. Acetone. o-Nitrophenyl lactomethylketone.

which, by elimination of water, is converted into o-nitrobenzal-acetone :

/CH . (OH) . CH2 . CO . CH3 /CH=CH . CO . CH3
C6H4( -HoO = C6H4C

\N02 \N02
o-Nitrophenyl lactomethylketone. o-Nitrobenzal-acetone.

This last-named product is readily converted, by caustic alkalis, into

Indigo.

o-Nitrobenzaldehyde can also be condensed with acetaldehyde,

pyruvic acid, etc. ; the products in all cases yielding Indigo on treatment

with alkalis.

This synthesis was utilized industrially a few years later. The
intermediate product o-nitropheny4 lactometh3'^lketone was introduced

into commerce by Kalle & Co. of Biebrich a/Rhine under the name
of Indigo Salt, and was used, previously dissolved in bisulphite, for

producing Indigo on the fibre in calico printing.

For a certain time the process for making Indigo from o-nitro-

benzaldehj'de was used on a manufacturing scale for the production

of Indigo itself, after the Hochst Farbwerke and the Usines du Rh6ne
had succeeded in devising methods by which o-nitrotoluene could be

converted fairly readily into o-nitrobenzaldehyde.
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For this purpose o-nitrotolnene is chlorinated in the side chain,

then combined with aniline to an anilido derivative :

/CH2ICI /CH2.NH.C6H5
CeHZ +H.NH.C6H5 = C6H< +HC1

\N02.
I

• \N02
o-Nitrobenzylaniline.

which is oxidized into a benzylidene compound, and the latter finally

split up by acids into o-nitrobenzaldehyde and aniline :

/CH=i=N.C6H5 /CHO
C6H4< +H2O = C6H< +C6H5NH2

o -Nitrobenzylideneaniline

.

According to a second process of the same firm, o-nitrotoluene is

combined with amyl nitrite, in presence of sodium alcoholate, to form
o-nitrobenzaldoxime :

/CH3 /CH=NONa
CeHZ +RO.N=0+R.ONa = CgHZ +2R.0H

\N02 \N02

from which o-nitrobenzaldehyde can be easily recovered by known
methods (cf. also Intermediate Products).

It is also possible to oxidize o-nitrotoluene direct to o-nitrobenzal-

dehyde by means of manganic sulphate (manganese dioxide and sulphuric

acid) and this process was made use of for some time by the Societe

Chimique des Usines du Rhone and the Farbwerke Hochst ; owing
to the unsatisfactory yields, however, the method has been given up
again.

Another interesting method for preparing o-nitrobenzaldehyde.,

which is stated to give good yields, consists in treating o-nitrotoluene

with hot nitric acid whereby a nitro group enters the side chain yielding

o-nitrophenylnitromethane ; this latter substance forms a sodium
salt which is oxidized by permanganate to o-nitvobenzaldehyde* :

^/CHs /\yCH2N02 /\/CH=NO.ONa /\/CHO

\/\N02 \An02 xAN02 \An02
Methods based on the utilization of o-nitrobenzaldehyde are, how-

ever, unlikely to attain to technical importance, as the normal supplies

of toluene are insufficient to serve as the raw material for synthesizing

the world's supply of Indigo.

f

* E.P. 17985/11, 24872/10 {Soc. Chim. des Usines der Rhone).

t This statement was •riginally made by Dr. v. Brunck in the early part
of the century, and was then quite correct. Owing, however, to the immense
demands for toluene caused by the war, for the production of trinitrotoluene, and
the greatly increased amounts obtained from coke ovens, coal-gas, Borneo petro-

leima, etc., it is by no means certain that this statement is now true. But the
cheapness and simplicity of the existing Indigo syntheses makes it unlikely that
any methods based upon the production of o-nitrobenzaldehyde will ever be able

to compete.—F.A.M.
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K. Heumann's Synthesis of Indigo.—Whilst the above sj^nthesis

of Indigo started from ortho disubstituted derivatives, it was found
later that monosubstitution products of benzene could also be used.

Thus, phenylglycocoll (phenylglycine), CeHsNH.CH.COOH, when
fused with potash, furnishes indoxyl, which is readily converted into

Indigo by atmospheric oxygen :

iHOiOa /^^\
C6H4iH ; CH2 - C6H4 CH2+H2O
^ NH ^ ^NH-^

Phenylglycine. Indoxyl (keto form).

This method, however, gave extremely poor yields of Indigo until

sodamide was utilized as a dehydrating agent in place of potash.

Far better yields were obtained if instead of phenylglycine its ortho-

carboxjdic acid was used.

Finally, after twenty years' incessant endeavour the Badische
Anilin- und Soda-Fabrik succeeded in preparing Indigo synthetically

at a price which enabled it to compete with the natural product.

Indigo prepared by this method has been sold since July 1897

under the name of ^'Indigo, Pure, B.A.S.F." in the form of a 20 per-

cent, paste, which contains practically^ pure Indigo Blue and at the

price of about is. 4d. per kilo (7d. per lb.), at which natural Indigo

can no longer compete.*

Synthesis of Indigo from Naphthalene.—The raw material for the

preparation is naphthalene, which is available in any desired quantity.

By heating naphthalene with strong sulphuric acid in presence of

mercury, phthalic anhj'^dride is obtained at a verj^ low cost.f This

is next converted into phthalimide, which can then be readily trans-

formed by means of chlorine and caustic soda into anthranilic acid :

/C0\ /C0\ /COOH

\co/ \C0/ \NH2
Phlihalic anhydride. Phthalimide. Anthranilic acid.

From anthranilic acid and chloracetic acid phenylgl3^cine-or/i^o-

carboxylic acid is formed :

\nh
/COOH

. CH2 . COOH = CeHZ + HCl
\NH.CH2.COOH

which is finally converted into Indigo by heating with caustic soda.

The first product of this reaction is indoxyl -carboxylic acid :

* This refers of course to pre-war conditions.

t According to recent work in the United States it is possible to obtain phthalic

anhydride by direct oxidation of naphthalene with air in the presence of a catalyst

which should render the product still cheaper. Cf. J. Ind. Eng. Chem., 11, 1031

(1919).
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/COiOH
I y^^\

C6H4 Ciiy . COOH = CeHi CH.C00HfH20

Indoxjl-carboxylic acid.

which yields Indigo on passing air through its alkaline solution, CO2
being split oft'.

During recent years many attempts have been made to improve

the process, both as regards the preparation of the phenylglycine,

(or its carboxylic acid), and as regards the indoxjd melt (i.e. the conver-

sion of the phenylglycine or its carboxlic acid into indoxyl). In

the first place efforts have been directed towards improving the methods
for preparing phenylglycine, in particular by making use of the well-

known reaction :

C6H5NH2+HCN+CH2O —^ C6H5NH . CH2 . CN -~> C6H5NH . CH2 . COOH

and working out the method on a technical scale.

This was done b}'^ the Farbwerk Mtihlheim vorm. A. Lsonhardt

(F. Bender)* by using potassium cyanide in place of cone, hydrocyanic

acid, as the latter can hardly be utilized in the factory. Considerable

improvements again were effected by the Badische Anilin- und Soda-

Fabrik and H. Bucherer according to which the production of the

nitrile in question (or that of phenylglycine-o-carboxylic acid) is

considerably facilitated by first converting the condensation product

of aniline and formaldehyde into its bisulphite compound :

CeHsNH.CHaSOsNa

which then forms the nitrile :

C6H5.NH.CH2.CN

on treatment with metallic cyanides, the nitrile being easily hydrolysable

to the carboxylic acid.

Whether this method for the production of phenylglycine or phenyl-

glycine-o-carboxylic acid is more profitable than the alternative method
using chloracetic acid is not known.

f

Another method for the preparation of phenylglj^cine-o-carboxylic

acid consists in heating o-chlorbenzoic acid with glycocoll and caustic

alkalies to moderately elevated temperatures : it is improbable, how-
ever, that it is used on a technical scale.

Further, it is also possible to obtain Indigo by the alkali fusion

of anthranilic acid derivatives containing longer side chains : thus

glucose,! and polyvalent alcohols such as glycerine and erythrite,

etc.,§ can be added on ; it is unlikelj^ however, that such methods can
compete with the chloracetic acid process.

* Chem. Ztg., 1901, 186, 395, 402, etc.

f It may be pointed out that methods not requiring the use of acetic acid

became very important during the war owing to the fact that supplies of the
acid were requisitioned in all the belligerent countries for the manufacture of

munitions.—F.A.M.

X E. Merck & Flimm, D.R.P. 217945; cf. E.P. 25906/98.

§ Ostromisslenski and Pamplow, Bcr., 43, 2774 (1910).
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As regards improvements in the indoxyl fusion of phenylglycine-

o-carboxylic acid these consist, in the first place, in carrying out the
process without allowing the access of air since otherwise isatin is formed.
The best results are obtained by heating the absolutely anhydrous
materials in vacuo, a nearly theoretical yield of Indigo being produced.
Consequently the numerous attem^pts to utilize derivatives of phenyl-
glycine-o-carboxylic acid instead of the free acid itself appear to be
rather pointless, even although certain of these compounds, e.g. the
acylated dialkyl ether,* can be converted into indoxyl, or its derivatives,

more readily than can the acid.

The indoxyl melt readily leads to the formation of by-products :

the production of isatin has already been noted ; indol is also formed
fairly easily to a slight extent. On w^orking up the melt the isatin

reacts with the indoxyl to form Indigo Red or Indiruhine :

/C0\ / CO \ / C0\ / CO \CeH/ )c:H-> + o;cf ;nh =.: CsHk ;c=c( )nh+h.o

H
Indoxyl. Isatin. Indigo Red.

Further, indoxyl can condense with itself to form the indogenide

of pseudo-indoxyl, which is converted on oxidation into Indoxyl Red
{Pseudo-Indigo Red) :

CeH/ ;CH2 + oc( ;nh ~> CeH/ ;c=c( ;nh

-^ CeH/ ;C=C( /N

Indoxyl Red (Pseudo-Indigo Red).

On further heating with concentrated alkali to 250° C, Indoxyl

Red breaks down further into anthranilic acid and indol aldehyde,

and finally indol itself | :

These red substances, which are also vat colours to a certain extent,

were at first troublesome impurities of synthetic Indigo. Since, however,

their basicity is greater than that of Indigo, they can be removed by
suitable extraction with acid:

Indoxyloarboxylic acid itself was placed on the market for a time,

under the name of Indophor, as a greyish-green powder of poor

keeping qualities intended for producing Indigo on the fibre in calico

printing.

Even when the details of the processes for the manufacture of
" Indigo, Pure," had been satisfactorily worked out there were still

further difficulties to be overcome before the commercial success of the

dye was assured. In particular synthetic Indigo at first sufi^ered from

the defect that it could not be obtained in the finely divided form re-

quired for use in vat dyeing : to obviate this, advantage was taken of

the interesting property possessed by Indigo of forming salts w^hen

* Cf. E.P. 14532/99, 23123/99, 23123a/99, 3730/00, etc.

t D.R.P. 260327, 255691 (B.A.S.F.).
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treated with strong acids (e.g. cone, sulphuric acid of 60^ Be.) or with

cone, caustic lyes, which dissociate on dilution with water, the Indigo

separating out in the finely divided form required [Indigo S (B.A.8.F.)].

Various other processes have been patented having the same object

in view.*

The fineness of the state of subdivision is of particular importance

for the preparation of fermentation vats, whereas the chemical vats, •

owing to their more powerful reducing action, are less affected.

Sodamide Process.—For several years it seemed practically certain

that the method for synthesizing Indigo from phenylglycine-o-

carboxylic acid must be superior to any other process, until it was
found by the Deutsche Gold- und Silberscheideanstalt vorm. Roessler

that, by the use of sodamide as a condensing agent, Indigo (i.e.

indoxyl) could be obtained in a good yield from the much cheaper

phenylglycine.

Indoxyl formation takes place in this case at 180°-210° C, i.e. at a

considerably lower temperature than when caustic alkali is used alone,

a certain quantity of the latter merely being used as a Hux. Further,

it is highly probable that in the most modern practice the sodamide

is not actually prepared as such, but that the melt is carried out by
adding metallic sodium and passing in ammonia. Other condensing

agents such as sodium arylamidef—prepared by the action of sodium

on aniline—have also been patented, to be used either alone or in pre-

sence of activating metallic alloys ; the use also of sodium peroxide,

or the addition of metallic sodium, lime, barium oxide, calcium silicide

and other dehydrating agents have been proposed.

J

In consequence the Heumann process, starting from benzene,

has become the most promising Indigo synthesis. Indigo is prepared

by this method in the Hochst Farbwerke on a large scale and sold

at the same rates as the product of the Badische Anilin- und Soda-Fabrik,

owing to the Indigo convention concluded between the two works

in 1904.

More recently the manufacture of Indigo has been begun by the

firms of von Heyden (Dresden) and the Society of Chemical Industry

(in Monthey, Wallis, Switzerland). It is probable that they both

use some process similar to the sodamide method.

Since 1915 the production of synthetic Indigo has been carried

out in England at the Ellesmere Port works of the British Dyestuffs

Corporation, Ltd., and in the United States by the Dupont Co. Both

firms presumably use the sodamide method. It is sold in this country

as Indigo LL (Lev.). The output of sj'^nthetic Indigo in 1013 Avas

some six million kilos (100 per cent.), worth about £2,000,000.

The introduction of the synthetic product has led to a great drop in

prices and to a further extension of its use ; the following figures are

of interest as illustrating the success achieved l)y the synthetic dye at

the expense of natural Indigo :

* Cf. D.R.P. 194136, 237368, 239336, 239337, 241140, etc.; E.P. 18761/10,

20324/10.

t H. Belart, D.R.P. 207981, 215339; E.P. 11335/08.

i Cf. E.P. 26061/01, 8114/02, 18127/02, 17143/10, etc.
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I. IMPORTS OF NATURAL INDIGO INTO GERMANY.
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VI. EXPORTS OF INDIGO FROM INDIA.

Year. Amount (Cwt.). Year. Amount (Cwt.).

1911-12 19,155 1915-16 41,942

1912-13 11,857 1916-17 33,540

1913-14 10,939 1917-18 29.120

1914-15 17,142

It is impossible to foretell at the moment what the future

position of the natural dye industry will be, but the adoption of improved
methods of cultivation and extraction lead one to believe that natural

Indigo will, in the future, be able to put up an interesting fight with

the synthetic dye.

So far as price is concerned we may note that the normal cost of

100 per cent. Indigo before the war was from M. 750 to 850 per kilo

as compared with M. 15 to 16 charged in 1895 for the much less pure

natural j^roduct.

It is an interesting fact that neither ethylenedianthranilic acid

/COOH HOOCv
CeH/ €H2-CH2\ ;C6H4

(Fraenkel and Spiro), nor dianilido-succinic acid (Vorlaender) :

HOOCx /COOH
CeHs. ;CH-CHr /CeHs

can be utilized for the production of Indigo as their constitutional

formulae would seem to indicate. When heated with potash and
subsequently oxidized b}^ air, the former product gives onl}^ a small

percentage of Indigo and the latter none at all.

The following additional Indigo synthesis may also be noted.

Sandmeyer's Indigo Synthesis*—This very curious synthesis

was arrived at in the following manner : Sandmeyer wished originally

to prepare anilidoacetaldehyde :

C6H5NH.CH2.CHO

in the belief that Indigo should be easily obtainable from it : as he

was unsuccessful in preparing this he endeavoured to make dianilido-

acetaldehyde

:

(C6H5NH)2:CH.CHO

by condensing together aniline and chloral to form the substance

:

(C6H5NH)2:CH.CCl3

On heating this with hydroxylamjne the group — CCI3 is converted

into —CH=NOH, thus forming the corresponding isonitroso compound,
from which, on treatment with acids, the aldehyde in question should

* Zeitachr. f. Farben- und Textilchemie, II. Jahrg., p. 129 ; E.P. 16497/99,

6036/00, 6878/OL, 1596/06.
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be formed, or an Indigo derivative. Actually, however, on treating

the isonitroso compound with sulphuric acid isatin was formed together

with a compound which could be easily converted into Indigo and
which Sandmej^er recognized as isatin-a-anilide :

/C0\

During the course of the reaction, therefore, the group :

H/
C=N;OH

must have been converted into a —CN group . Sandmeyer endeavoured,

therefore, to obtain this cyanide (hydrocj^ancarbodiphenylimide) :

CeHsNH/

as the above isonitroso compound was only obtainable in poor yields.

With this end in view thiocarbanilide :

- • /NH.C6H5

\NH.C«H5

(from aniline and carbon bisulphide) was treated in solution with

potassium cyanide and lead carbonate, the cyanide being formed as

expected, but on treatment with sulphuric acid onl}'- traces of isatin-

a-anilide were formed. If, however, this cyanide be treated with yellow

ammonium sulphide* a tldoamide is formed :

CeHsN^ /NH2
c-c=s

C6H5.NH/

which gives a good yield of isatin-a-anilide on heating with sulphuric

acid :

y\ /NH /V/NH
1 \c=N.C6H5+H2S04 = \c=N.C6H5+NH3+S02

NH2

Treatment of the last-named product with sulphuretted hydrogen

affords a good yield of Indigo.

More recently it has been shown by the Farbenfabriken vorm. Fr.

Bayer that if hydrocyancarbodiphenylimide, or the corresponding

naphthalene derivative, be treated with aluminium chloride, instead

* This contains ammonium disulphide NH4— S— S—NH4 formed by oxidation.



INDIGO 415

of with sulphuric acid, closing of the ring is at once effected, leading

directly to the formation of the corresponding isatin-a-anilide* :

CN .CO

C:

H

:N.C6H5

H

/C=N.C6H5

By this means also 2 : 3-naphthisatin has been synthesized :

/CO

;C0

\NH
which n)ay be a valuable new intermediate for the production of other

indigoid vat dyes.

Since the Indigo separates out in crystalline form the process has

been modified so as to obtain the dye in the requisite finely divided

form by converting the isatin-anilide, by means of hydrogen sulphide

in acid solution, into thioisatin

:

which is decomposed by weak alkalis into Indigo and sulphur.

If o- or y^-toluidine be used in the synthesis instead of aniline the

product is the corresponding Toljd Indigo.

The Sandmcyer s^'nthesis cannot, however, compete with the

other methods for preparing Indigo already given. It was utilized

for some time by the firm of R. Ceigy & Co. on a technical scale, but

was given up again ; more recently Rath jen of Hamburg appears to

have made use of it.

The method is, however, admirably suited for the preparation of

isatin, which is needed to a considerable extent for the production of

vat dyes {q.v.), as the isatin-ct-anilide is readily sj^lit up by acids

into isatin and aniline.

R. Blank's Indigo Synthesis.—Chlormalonic ester is condensed with

aniline to an anilide, which, when heated, gives off alcohol and is

converted into indoxylcarboxylic ester ;

COOR COOR

CHiCl+HNH.CeHs = CH.NH.CeHs+HCl

COOR COOR

;RO;CO\ .CO.

C6H4! Hi CH.COOR = CeHi CH.COOR+R.OH

^NH^
Indoxylcarboxylic ester.

* D.R.P. 264265, 269750, 277396.

^ NH ^
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which can readily be converted into Indigo by saponification and
oxidation. The first reaction, i.e. the formation of the indoxyl deriva-

tive, takes place with particular ease and smoothness when naphthalene

derivativ'es are used, e.g. when a naphthylamine is substituted for

aniline. ' When aniline is taken, the reaction goes quite well on the

small scale ; but on the large scale so many by-products are formed

as to render the technical utilization of the reaction impossible.

Summary of the Syntheses and Methods of Formation

OF Indigo.

The syntheses or methods of formation of Indigo may be arranged

in these classes :

1. Syntheses from aromatic compounds containing a nitro group

in the ortho position to a carbon chain ; to this class belong the

syntheses :

(a) From o-nitrocinnamic acid :

CH-CH.COOH,
)2

CeHi^Q (Baeyei)

(6) From o-nitrobenzaldehyde:

CTTO
C6H4tu^q (Baeyer and Drewson)

(c) From o-nitroacetophenone *
:

CeHi^^Q^^^^ (Emmerling and Engler)

{d) From o-nitrophenylpyroracemic acid :

r, XT CHo.CO.COOH ,T, • .^
. CeHi^^- (Reissert)

(e) From o-dinitrodiiyhenyldiacetylene

:

CeHi^^f~^^^C6H4 (Baeyer).

2. Syntheses from amino compounds containing the necessary carbon

side-chain either in the amino group, or in the benzene nucleus, in the

ortho position thereto ; to this class belong the syntheses :

(a) From phenylglycine, eelloNH . CH2 . COOH (Heumann ;

Deutsche Gold und Silberscheideanstalt).

(6) From phenylglycine-o-carboxylic acid :

* The mechanism of this interesting synthesis consists, according to E. Bam-

berger and Fr. Elger {Ber., 36, 1611 (1903)) in the transformation of the methyl-

anthranil, formed intermediately, into Indoxyl :

,C—CH3 /CO.
C6H4/l^>0 -> C6H<^^>CH2

Methyl Anthranil. Indoxyl.
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(c) From bromacetanilide, CeHsNH . C0CH2Br (Flimm).

{d) From anilidomalonic ester

:

ROOC\
CeHs CH.COOR(R. Blank), etc.

\NH/

3. Syntheses from compouvds, like isatin and indole, already contain-

ing the ring

CeHi C

'characteristic of Indigo (v. Baeyer, Sandmeyer, Nencki).

Altogether some thirty Indigo syntheses are known, of which,

however, only the two from phenylglycine and its carboxylic acid are

utilized technically. Certain other methods, as already mentioned,

have attained to temporary importance, but have been given up again.

Whether one method or 'another can achieve commercial success

depends of course ultimately upon the possibility of producing the

necessary intermediates sufticiently cheaply, and also upon the yields.

Thus, for example, it has recently been found possible to isolate con-

siderable quantities of indole from coal-tar,* and it is b}' no means
inconceivable that it might ultimately be converted into Indigo.

Properties of Indigo.—Indigo Blue or Indigotin, usually referred

to simply as Indigo, is a substance insoluble in ordinary solvents,

which exhibits both slight acid and basic properties, and cannot be

taken up, in its ordinary form, by textile fibres.

An important feature of this colouring matter is its behaviour on
reduction or oxidation. Reducing agents convert it into the colourless

Indigo White, which is of acid character, and is readily soluble in alkalis.

Since it also possesses an affinity for textile fibres, and is readily re-

converted, by oxidation, into the insoluble Indigo Blue, it is employed
for dyeing goods in the so-called Indigo vat. This is nothing more
than an alkaline solution of Indigo White, obtained by treating Indigo

with a cheap reducing agent. On impregnating a fabric with such

a solution, and then exposing it to the air, the Indigo White is oxidized

to Indigo, which is deposited firmly on the fibres, thus giving fast blue

shades. This property of being capable of easy reduction to soluble

Indigo White and its equally ready reoxidation to the dye may be
utilized for the preparation of pure Indigo from the vegetable product,

and is also the basis of a number of methods for the evaluation of

Indigo.

On treatment with formaldehyde f or by the action of phosgene
or chlorcarbonic esters,J Indigo White salts are converted into com-
pounds which are stable in the air and have been proposed for use in

printing to produce Indigo on the fibre.

* D.R.P. 233204, Oes. f. Teerverwertung.

t D.R.P. 120318 (B.A.S.F.) ; E.P. 23396/99.

X D.R.P. 121866 (B.A.S.F.); E.P. 23396/99.

15
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In order to avoid the necessity for reducing the dye to its leuco

compound and to facilitate its use by the dyer, the leuco compounds
themselves have been prepared by various firms in different ways
and have been placed on the market in the dissolved or solid form.

Such preparations may be made by reducing ]ndigo with iron powder
and alkali or with ferrous oxide and alkali. Of particular value is

hydrosulphite which, as is well known, is now largely used for setting

the vat. If the reduction be carried out in alkaline solution the leuco

product remains in solution whilst the inorganic salts are precipitated.*

Stable solid preparations of Indigo White may be prepared by evap-

orating thin layers of a solution of an Indigo White salt to which

hydrosulphite has been added.| The product is sold in the form of

small dark scales or granules. These solid preparations are intended

,

for export. For the home market concentrated vats are mostly used,

such as Indigo MLB Vat I, II (M.L.B.), Indigo Solution, Indigo

Vat CyOper cent. (B.A.S.F.), Indigo LL, Vat I and II (B.D.C.).

On oxidation Indigo is converted into isatin :

C6HloN202-f 0. = 2C8H5NO2

and upon this property depends the white discharge printing on fabrics

dyed with Indigo, as also do a number of methods for estimating the

dye, of which that devised by Mohr (oxidation with permanganate)
is the most important.

By the regulated oxidation of Indigo, L. KalbJ obtained the reddish-

yellow Dehydroindigo, Ci6H8N202.

C6H< iC-C/ )C6H4

the acetate of which is identical with the hydroxyacetylindigotin

previously prepared by O'Neill.§ This dehydroindigo yields a soluble

compound with bisulphites, Ci6H8N202+2NaHS03, which can be

obtained in yellow crystals, and is readily converted on suitable treat-

ment into Indigo either per se or on the fibre.
||

Indigo Derivative.'^.—The most important derivatives of Indigo are

its sulphonic acids, its homologues and, in particular, the halogen

derivatives, which will be discussed in the section on Vat dyes.

The disulphonic acid is produced by the action of concentrated

or fuming sulphuric acid upon Indigo ; in the form of its sodium salt

it was known as Indigo Carmine, and for a long time was much used

in wool and silk dyeing. Its dyeings are bright but rather fugitive.

At the present time its application is very limited, as more satisfactory

* Grandmougin, Journ. f. prakt. Chem., 76, 142 (1907); D.R.P. 204568; E.P.

11141/08.

t D.R.P. 227319 ; cf. also D.R.P. 199376, 200914 ; E.P. 30197/09, 13673/12,

13676/12, 17563/14, etc.

I Ber., 42, 3642 (1909); D.R.P. 216889; E.P. 16377/09, 22714/09.

§ Chem. News, 65, 124 (1895).

II
D.R.P. 217477, 220173; E.P. 16377/09.



INDIGO 419

substitutes have been found, such as Patent Blue, Fast Green, Acid

Green, etc.

Indigo-disulphonic acid was prepared synthetically by B. Heymann
by treating phenylglycine with fuming sulphuric acid. A species of

leuco compound is first produced which, on diluting the solution with

ordinary sulphuric acid, is transformed into Indigo-disulphonic acid.

The position occupied by the sulphonic group has been determined

synthetically by D. Vorlaender and Ph. Schubart ;* who succeeded

in producing the dye from a toluidinesulphonic acid of the formula :

HO3S-/ \-CH3

so that the constitution of the colour must be

A/COv /COx/\_so3HHO3S—
p5 Y >\ y

1
V^nh/' Nhn-"^

In accordance, therefore, with the usual numbering adopted, it is a

5 : 5'-disulphonic acid.

The great difference shown by dyeings with Indigo and its disul-

phonic acid as regards their fastness to light is very noteworthy from

the theoretical point of view.

On further sulphonation tri- and tetra-sulphonic acids are produced

which dye a more reddish shade of blue [Indigotin P (B.A.S..F,)].

The position of the further sulphonic groups is not definitely known
(possibly 7 or 7' ?) ; f of the homologous Indigos only that derived fr9m

o-toluidine by the glycine process is prepared on a commercial scale.

It is a 7 :
7' dimethyl Indigo, and is sold as Indigo M.L.B.fT. (M.L.B.)

and Indigo B.A.S.F.jG (B.A.S.F.). It dyes greener shades than

Indigo and is distinctly faster to chlorine.

Higher derivatives, such as xylyl-indigo, etc., are also known, but

are not prepared on a commercial scale.

J

N-alkylated Indigos have also been made, such as N-diethyl Indigo,§

and N-dimethyl-Indigo, which is prepared by the alkali fusion of

N-methylphenylglycine, and dyes a greenish blue. In distinction to

Indigo this dimethyl -Indigo possesses strongly basic properties and
dissolves in aqueous acids.

||

The corresponding indigos of the naphthalene series have been

prepared by H. Wichelhaus from a- and j3-naphthylamine by means of

the Heumann synthesis. They may also be obtained in good yields

* Ber., 34, I860 (1901).

t According to Juillard, Rev. Gen. Mat. Col, 14, 225 (1910) it is 6 or 6'.

j Kunckell and Schneider, Joum. f. prakt. Chem., 86, 517 (1912).

§ V. Baeyer, Ber., 16, 2202.

II
Friedlander and Ettinger, Ber., 45, 2074 (1912).
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bj^ Blank's method, ^heir constitution corresponds to that of ordinary

Indigo :

/C0\ ^C0\
CioHev /C=Cy /CioHo

The a- and jS-naphthalene-Indigos dj^e green shades from a vat,

but are devoid of technical value.

The brominated jS-naphthalone-Indigo, on the other hand, has some
slight importance : it will be discussed later in connection with the

halogenated Indigo derivatives. These halogenated Indigo compounds
have been manufactured in considerable quantites in recent years for

vat dyeing (see Vat Dyes).

The corresponding Indigo of the anthracene series is so far unknown
;

in attempting to prepare it Indanthrene Blue, an Azine derivative,

was produced.

By the action of amines upon Indigo, Tndigo-bisarylamides are

formed, which are without dye character ;
* the action of acids con-

verts them into quindoline compounds, and to this group of substances

belongs also the Elavindine of Schiitzcnberger, which is formed on
reducing Indigo by means of zinc and bisulphite, and has the con-

stitution of a quindolinecarboxylic acid :

H COGH

as it can be synthesized from isatinic acid and indoxyl f :

—CiO H2;n=

^/^m O:
V"

H COOH COOH

On heating, CO2 is split off, quindoline being formed. It is probable

that quindoline is the mother substance of many compounds which

are formed by the transformation of various Indigo derivatives.

When Indigo is split by means of alkalis indoxyl-2-aldehyde

and anthranilic acid are formed, which under certain conditions may
recombine to form chrysanilic acid J :

I

H

II

C-C=:0 HdN-

/\

\H
\/ \/\N/

-CO
I

c

H

C=
I

H

=N-

COOH

/
>

H
Chrysanilic Acid.

* Grandmougin and Dessoulavy, Ber.. 42, 3636, 4401 (1909).

t Noelting and Steuer, Ber., 43, 3512 (1910).

X Friedlander and Schwenk, Ber., 43, 1971 (1910).
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Whilst leuco-Indigo, or Indigo White, is very unstable and is readily

reconverted into Indigo, its derivatives are quite stable. Thus on
alkylating leuco-Indigo in alkaline solution an 0-dimethyl-leuco-

Indigo is formed, or by benzoylation a colourless dibenzoyl-leuco-

Indigo, which on oxidation is transformed into a red N-dibenzoylindigo.*

On treating Indigo itself with benzoyl chloride various products

are formed according to circumstances (cf. p. 431).

In the process for reducing Indigo on the fibre with sulphoxylate,

zinc white and benzylphenyldimethylammonium chloride are added
to the printing colour. The yellow reduction product may be the

zinc salt of a benzyl-leuco-Indigo White f :

C6H< iC-C/ )C6H

OCH2.C6H5O.Zn
2

Literature.

Two very interesting lectures dealing with the history of the synthesis

and manufacture of Indigo, by Ad. v. Baeyer and H. Brunck, appeared
in the Berichte d.d. chem. Ges., 33, Sonderheft. Attention may also

be called to an article bj' Reissert, '" Uber die Fortschritte in der kunst-

lichen Darstellung des Indigos seit dem Beginn des XX Jahrhunderts "

{Zeitsch. f. ang. Chem., 1904, 482).

Baeyer's work has been given very fully by Richard Meyer in Bolley's

Handhuch der chemischen I'echiiologie ; the original papers are also

to be seen collected together in the commemoration volumes Adolph
von Baeyer, Gesammelte Werke.

A further summary is given in Der Indigo, by G. v. GeorgieAacs.

Valuable information is also to be found in the work Der Indigo und
siene Konkurrenten, by R. Felsen.

APPENDIX.

Dyes derived from Indol and Isatin.

Dyes, termed Rosindoles by their discoverers, have been prepared
by E. Fischer and Wagner, the leuco compounds of which are formed
by condensing together 2 mols. indol and 1 rnol. aldehyde, with elimina-

tion of water. They possess possibly the following constitution which
is somewhat analogous to that of the triphenylmethane dyes :

1 \ I ^ \yGH. R HCv

\Anh nh^V
On oxidation they are converted into red dyes.

* Liebermann and Dickhut, Ber., 24, 4130 (1891); Vorlaender and Drescher,
Ber., 34, 1859 (1900).

t Reinking, Fdrber. Zig., 1910, 243.
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Condensation products have been prepared by M. Freund and G.

Lebach from I mol. methylindol (raethylketol) and 1 mol. aldehyde
which yield blue dyes on oxidation.*

Dyes derived from indols and aromatic ketones have been patented
by Fr. Baeyer & Co.

From isatin also a number of blue dyes have been prepared : on
condensing it with thiophene it forms Indophenin, and with pjrrol

Pyrrol Blue (V. Meyer).

Isatin Blue (Schotten) was obtained from the condensation product
of isatin and dipiperidyl.

These products are of interest as they behave in many ways like

Indigo.

Mixed dyes derived from the triphenylmethane and Indigo groups
have been prepared by Reizenstein and Breuning by condensing

tetramethyldiarainobenzhydrol with isatin, converting the product
into the chloride, rediicing to the leuco indigo compound and oxidizing

to the dye. These compounds are chielly of interest from the point

of view of colour chemistry : the increase in the size of the molecule

does not necessarily cause a deepening of the colour, as the latter

depends chiefly upon the position occupied by the substituent in the

isatin molecule, as in the case of the indigo dyes.

* Ber., 38, 2640 (1905).
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By the term Vat dye is meant a colouring matter insoluble in water,

but which can be converted on reduction into a so-called leuco

compound, which is soluble in alkalis, and in such a solution, termed a

Vat, the actual dyeing process is effected ; on removing the material

from the bath and exposing to the air oxidation takes place, the dye

being precipitated on the fibre in insoluble form ; until the beginning

of the present century Indigo was the only vat colour known.

For a time Indophenol (p. 339) was utilized to some extent mixed

with Indigo in the Indigo-Indophenol vat, or mixed vat. but its use is

now quite given up.

A new era was inaugurated in 1901 with the discovery of Indanthrene,

the first vat dye of the anthraquinone series, by R. Bohn, who prepared

it by fusing j8-aminoanthraquinone with alkali at 200°-300° C* The
extraordinary fastness of this dye—with the exception of its slight

lack of fastness to chlorine—renders it practically indestructible, and
as a result of its discovery dye chemists quickly decided to devote

themselves to the examination of this class of colours.

It was soon found that not only could vat dyes of the anthraquinone

class be produced in a variety of ways, but the discovery of Thioindigo

by P. Friedlanderf led also to the production of various indigoid dyes

containing sulphur.

Further it was found that in many cases the introduction of halogens

(chlorine or bromine) increased both the brilliancy and fastness of the

d3'es : considerable use has been made of this fact for the production

of new derivatives particularly in the Indigo group where the corre-

sponding halogenated Indigos have attained to gr^t importance.

{

As a result of the activities of chemists in this field, dye chemistry

has been enriched by the addition of a large number of valuable vat

colours ; the number of these dyes now made on a commercial scale

approaches a hundred, whilst the number which have been patented
amount to several times this. Vat dyes are characterized by their

excellent fastness, which makes them quite indispensable for certain

classes of fast dyeing. The only thing that prevents their more exten-

sive use is their relatively high price, which is due to the laborious

processes needed for their preparation. Further, the production of

dark shades by means of indigoid dyes is very expensive, whilst the

cheaper vat dyes of the anthraquinone series are, with few exceptions,

* D.R.P. 129845 ; E.P. 3239/01. f Ber., 39, 1060 (1906).

% D.R.P. 193438 ; Oea. f. chem. Ind., E.P. 6122/07 etc.

428
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only suited for dyeing vegetable fibres. Lastly, this class of colours

contains no red or black capable of competing with Turkey Red and
Sulphur Black, or Aniline Black, respectively.

The vat colours at present known may be subdivided into the

following groups :

I. Indigoid vat dyes.

II. Vat dyes of the antkraquinone series.

III. Thionated vat dyes of unknotvn constitution.

IV. Benzoquinone vat dyes.

The third group forms a transition class between vat dyes and sulphur

dyes, which latter in their turn occupy an intermediate position between
the vat colours and the direct cotton colours.

A sharp division between the various groups is, however, not possible,

as individual dyes may be regarded as belonging equally to two classes.

From the standpoint of their behaviour in the dye bath, again,

such a rigid subdivision cannot be maintained. Generally speaking,

however, we may say that the indigoid dyes yield yellow to brownish

yellow vats, and may be used both for animal and vegetable fibres.

The anthraquinone vat dyes, on the other hand, often give very deeply

coloured vats, so that the expression " leuco product " for the reduced

product is frequently a misnomer ; again, they are, in general, only

suitable for dyeing vegetable fibres ; the latter absorb the reduced dye,

which is dissolved in the alkali, and on exposing to the air the actual

colour is reformed. It is nearly always necessary to develop the dyeings

by boiling with soap or by passing through boiling water in order

to obtain the full brilliance of the colour, and during this process con-

siderable alterations of the shade frequently occur, the explanation

of which cannot always be given. Possibly it may be due to a

transformation into a tautomeric form.

I. INDIGOID VAT DYES.

The indigoid vat dyes are characterized by the presence of the

chromophoric group :

O
n n-0-0=0-0-

I I

which must be united on the one hand with an unsaturated ring system,

and on the other with an atom or atomic group.

On reduction the grouping :

OH OH
1 I-0=0-0=0-

I I

is presumably formed, thus rendering the product soluble in alkalis.

The vats so obtained are usually yellow like the solution of Indigo

White in alkali.

These vat colours are prepared, according to whether they have

symmetrical or unsymmetrical structures, by means of either oxida-
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tion or condensation reactions. In the latter case the formation

is brought about by condensing together two reactive CO and CH2
groups with elimination of water (or hydrochloric acid, aniline, etc.,

according to whether, for example, isatin, isatin chloride, or its anilide

are utilized for the reaction) :

/C0\ /C0\ /00\
C0+H2C<^

J
= ( y^=K j+HaO

/C0\
Hydroxythionaphthene in its ketonic form : C6H4\^ yOK-2

/COx
and ketoindoxyl : C6H4C /CH>

can .react with the most diverse substances so long as the latter

contain a reactive CO group, e.g. isatin, couraaranone, thionaph-

thenequinone, indanone, acenaphthenequinone, etc., whilst a-isatin

derivatives can unite with compounds of the general type :

—00
1
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particularly those belonging to the aromatic series, such as naphthalene,
acenaphthene, anthracene, etc., but other radicals, such as pyrazolone,
rhodaninic acid, etc., may also take their place.

Vat dyes are also produced on replacing the NH— groups of Indigo
by (Oxindigo), S (Thioindigo), Se (Selenium Indigo), CH2, CO
NH.CO (see Carbindigo, p. 406), CH=CH, etc., and further variations

may be obtained by introducing different substituents into each half

of the molecule (cf. Ciba Violet A, p. 432),

A list of all the compounds belonging to these classes which have
been prepared would be very voluminous, and it will be necessary,

in the present chapter, to confine our attention chiefly to those few
derivatives which have attained to technical importance.

One other property possessed in common by the indigoid dyes,

apart from their poM^er of forming a vat, may be noted here. On
treatment with strong alkalis the molecule is split up unsymmetri-
cally with formation of an aldehyde (cf. Indoxylaldehyde, p. 420).

The point of scission is indicated by the dotted line in the following

formula :

CO CO

)C=C

X

The following details may be noted as regards nomenclature :*

the starting-point is the parent substance of the group ; in the case of

Indigo this is indol, as we have already seen (p, 401) :

-CH (3)

11

CH(2)

H(i)

so that Indigo may therefore be termed 2 : 2'-6i5indolindigo, whilst

the product from indoxyl and isatin—Indirubin :

/\ CO
, I

C==C-

H OC

/\

H

is to be regarded as 2-indol-3'-indolindigo.

The brown-red 3 : 3'-6i5indolindigo, or Isoindigo :

/\ C = C /\
^ , CO CO ^ ,

H H
* According to P. Friedlander, Ber., 41, 722 (1908).
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has been obtained by condensing oxindol with isatin, but possesses

merely theoretical interest.*

In a similar manner the Thioindigo dyes are considered as being

derived from Thionaphthene :

—CH (3)

li

, , CH (2)

which bears the same relationship to thiophene as indol to pyrrol.

The symmetrical derivative, Thioindigo Red, is therefore 2 : 1'-hisWAo-

naphtheneindigo :

4 4'

5/\ CO CO
(

3
1 !

3'

6 2C - C2'

7 1 1' 7'

whilst the unsymmetrical derivative corresponding to Indirubine is

2 : 3'-6i5thionaphtheneindigo :

/\ —CO

V/\s/
C-C—/N

CO

It is without practical importance.

In the cases of mixed compounds of the thionaphthene-indol type,

we get examples such as 2-thionaphthene-2'-indolindigo :

/X/CO.

s

^C0\/^
^c=c'

2-thionaphthene-3'-indolindigo :

.CO.

S

\
/

c=-.c-

NH/

/\

(Ciba Violet A)v

CO .V. .

(Thioindigo Scarlet), etc.

The groups given do not by any means exhaust the possibilities,

but for the most part only those colours will be dealt with which have

been applied teclmically. Thus, for example, Oxindigo, or 2 : 2'-bis-

coumaroneindigo is known f :

c=c
/

* Wahl and Bagard, Compt. rend., 148, 716.

t R. Stoermer, Ber., 42, 199; 44, 316 (1911); Fries and Hasselbach, Ber.,

44, 124 (1911).
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and is a yellow substance which cannot be used in dyeing owing to

its instability with alkalis. Mixed compounds of the coumarone-
indol type are also known, and, as we shall see later, the syntheses of

a large number of indigoid dyes is possible.

As regards numbering, this will in all cases follow the lines of the
scheme given for Indigo as shown in the following formula :

4 3 3' 4'

2C= G2' I2U=l;2'

where X and Y = 0, S, or NH.
Adhering to the foregoing system of nomenclature we may classify

the known types of technical indigoid vat dyes as follows :

1. Indigo group (2 : 2'-6isindolindigo).

2. 2-Thionaphthene-2-indoUndigo group.

3. Thioindigo group (2 : 2'-6isthionaphtheneindigo).

4. Indiruhine group (2-indol-3'-indolindigo).

5. 2-Thionaphthene-'i-indolindigo group.

6. 2-Thionaphihene-acenaphtheneindigo group),

7. Indigoid dyes with various groups.

Besides these classes of compounds a series of other derivatives are

either already known or capable of being prepared.

Indigo Group.

Valuable properties are conferred on Indigo, particularly the power
of dyeing brilliant shades fast to chlorine, by the introduction of halogen
(chlorine or bromine) into the molecule ; this property was observed
some considerable time ago,* but its technical value was first recognized
by the Gesellschaft f. Chemische Industrie in Basle, Previously only
slightly brominated Indigos had been obtained ,f such as 6-bromindigo,

5 : 5'-dibromindigo {Indigo MLB/R, MLB/RR (M.L.B.), Indigo RB,
RBN (B.A.S.F.), Ciba Blue 2R (I.) etc.), which were used chiefly

for topping other vat colours. During recent years, however, more
highly halogenated Indigos have been obtained, of which 5:7: 5'-tri-

bromindigo, 5:7:5': 7'-tetrabromindigo, 4:5:7:5': 7'-penta-, and
4 : 5 : 7 :

4'
:
5'

: 7'-hexabromindigo and certain chlorinated or chloro-

bromo derivatives have attained to considerable importance.
The halogenation is carried out in various ways by the direct action

of bromine, working in nitrobenzene,J in chlorbenzene or carbon-

tetrachloride, in glacial acetic acid, or in concentrated sulphuric acid

or chlorsulphonic acid at low temperatures § in order to avoid sulphona-
tion as far as possible, or lastly by the action of bromine vapour upon
carefully dried Indigo which may also be mixed with common salt.

* Fr. P. 315180 ; Oberreit, Compt. rend., 160, 282.

t Rathjen, D.R.P. 128575; E.P. 11022/01.

t D.R.P. 193438; E.P. 5122/07. § D.R.P. 223544 (By.)
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The further introduction of halogen, to givepenta- and hexa-substi-

tuted derivatives, is rather more difficult to effect, though here also

several processes have been devised. The Indigo may be submitted
to the action of a considerable excess of bromine or the reaction may
take place in sulphuric acid or chlorsulphonic acid solution.* The
product contains a certain amount of a greenish-black perbromide,

and possibly some N-brominated Indigo, which are decomposed by
treatment with alcohol or bisulphite.

The dyes prepared in this way are known as Ciba Blue 2B (I.)

;

BromindigoFB (By.) ; Indigo MLBf4B (M.L.B.) ; Brilliant Indigo 4B
(B.A.S.F.), which consist chiefly of 5:7:5': 7'-tetrabromindigo ; whilst

the higher halogen derivatives come into commerce as Indigo MLBjSB
and /6B (M.L.B. ), Indigo KG (K.), and Ciba Blue G (I.) A tetrabrom-
indigo is also placed on the market by B.D.C. Ltd. as Durindone
Blue 4B. Dyeing is performed in the vat in the usual way, due regard

being paid to the fact that the sodium salts of the leuco compounds
of the higher halogenated Indigos are difficultly soluble.

During halogenation the substitution occurs successively in 5 or

5', 7 and 7', 4 and 4', as has been proved experimentally by oxidation to

the corresponding halogen isatins and degradation to the chloranilines.-j'

Derivatives substituted in other positions may be obtained, for instance,

.

from chlorinated nitrobenzaldehydes according to the same method
by which Indigo is obtained from o-nitrobenzaldehyde : thus 4 :

4'-

dichlorindigo may be prepared from o-chloro-o-nitrobenzaldehyde,{

and 4:7:4: 7'-tetrachlorindigo by the use of the nitrodichlorbenz-

aldehyde prepared by nitrating 2 : 5~dichlorbenzaldehyde,§ etc.

Direct chlorination of Indigo does not go so well as the direct

bromination, but on the other hand 4 : 4'-dichlorindigo may be readily

converted by this means into 4:5:4': 5'-tetrachlorindigo, or by
bromination into 4: 5 :

4'
: 5'-dichlordibromindigo, Brilliant Indigo

4G (B.A.S.F.). Such 4 : 5 :
4'

:
5' halogen substitution products are

characterized by their greenish shade.

The 6 :
6' dihalogen substitution products are somewhat peculiar

owing to their reddish-violet shade, which makes them less interesting

from the technical standpoint, as is also the case with their derivatives.

Thus for instance the 5 : 6 : 7 :
5'

:
6'

: 7'-hexabromindigo prepared by
the further bromination of 6 : 6'-dibromindigo, is not to be compared
with the 4 : 5 : 7 :

4'
:
5'

: 7'-derivative mentioned above.

6 : 6-Dibromindigo itself has a certain historical interest as P.

Friedlander succeeded in proving its identity with the purple colouring

matter obtained from sea-molluscs, Murex brandaris, for dyeing the

Imperial Purple
||

(cf. also Natural Colouring Matters). Curiously

enough the 4 : 4'-dimethyl-5 : 5'-dichlorindigo,^ and 5 : 6 :
5'

:
6'-

tetrachlorindigo from 4 : 5-dichlor-2-nitrobenzaldehyde,** are also

* D.R.P. 224809, 228093 ; E.P. 25513/07, 28171/90 (M.L.B.).

t Grandmougin, Ber., 42, 4408 (1909) ; 43, 937 (1910).

X D.R.P. 112400 (Jansen) ; E.P. 12762/99.

§ Ber., 17, 783 (1886); D.R.P. 32238.

II
Ber., 42, 765 (1909).

^ Kunckell and Sillig, Journ. f. prakt. Chem., 86, 517 (1912).
** D.R.P. 254467.



430 DYE CHEMISTRY

red to reddish-violet in colour. A blue octachlorindigo has also been
obtained from tetrachlorphthalic acid.*

The researches of C. G. Schwalbe, W. Schultz and H. Jochheim
have shown that neither halogenated phenylglycines or phenylglycine-

carboxylic acids yield Indigo on fusion with alkali :f the neutral or

acid esters of halogenated phenylglycine-o-carboxylie acids can, however,

be condensed to halogenindoxylcarboxylic acids by means of sodium,

sodamide, or sodium alcoholate, from which the corresponding halogen-

indigos are formed on oxidation and elimination of CO2. The closing

of the ring may also be eifected by means of acetic anhydride. J Halogen-
indigos can therefore also be made in this manner, e.g. 7 : 7'-dichlor-

5 : 5'-dibromindigo.§ Halogen indigos may also be obtained by re-

ducing the corresponding halogen-isatin chlorides by means of hydriodic

acid.

It is wort'hy of note that the acidic character of Indigo (which

itself yields alkali compounds with difficulty) is greatly increased by
the introduction of halogen, so that the polyhalogen indigos readily

form green compounds with alkalis, which can be stored without

decomposition.

The halogenated Indigos are all bluish dyes. Other shades may be

^obtained by the introduction of various groups : thus a reddish-brown

vat dye is formed on brominating 4 : 4'-diaminoindigo
||
[Ciba Brown

R (I.)]-

Green to black vat dyes are produced by introducing alkylthio

groups meta to the NH group.^ Attention may also be called to the

ready nitration of Indigo in absence of water, the 5 :
5' derivative being

most likely produced.** If all traces of water are not removed Indigo

or its substitution products are oxidized to isatin or its derivatives,

thus affording a ready means for determining their constitution.

Within the last few years certain hydroxy- and methoxy-Indigos

have been prepared by, Friedlander and Schenk,!"}" 6 : 6'-dimethoxy

Indigo is violet, whilst the 5 :
5' isomer is greenish blue, as in the case of

the corresponding dibromo compound. The hydroxy indigos, which

show, respectively, similar colours, are chiefly remarkable for their

great instability, being, for instance, completely decomposed by atmo-

spheric oxygen in the presence of alkalis.

By the action of benzoylchloride upon Indigo, yellow dyes are

formed ; by this means Grandmougin and Dessoulavy obtained a slightly

coloured chlorinated product, C30H19N2O3CI, which is converted into

a yellow vat dye by the action of cone, sulphuric acid, 1 mol. hj^dro-

chloric acid and 1 mol. benzoic acid being eliminated.}! '^^^

product has the same composition as Indigo Yellow 3G Ciba (I.)

(v.i.), but differs from this.

If, however, the benzoylation is carried out in the presence of

* OmdorfE and Nichols, Ann. Chem. Joum., 48, 473 (1912).

t Ber., 41, 3790 (1908). % Ullmann, Ber., 44, 425 (1911).

§ U.S.P. 948241.
II
D.R.P. 221531 ; E.P. 14314/09 (I).

\ D.R.P. 231334 ; E.P. 22014/10. ** D.R.P. 242149 (B.A.S.F.).

tt Ber., 47, 3040 (1914). %% D.R.P. 254567; 254734.
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copper powder a yellow dye is produced directly, to which the following

formula is attributed :

/C0\ /C0\
C6H< ;C=C( >C6H4

I C ^

H CeHs

This is the commercial dye Indigo Yellow 3G Ciba (I.) ; its shade

may be deepened towards orange by bromination,* the product being

Indigo Yellow G Ciba (I.), {Ciba Yellow G). Treatment of this latter

(dibromo) compound with reducing agents such as hydrosulphites

in a neutral solvent like alcohol, and in absence of strong alkalis, leads

to the formation of Ciba Yellow 5jB.

If, in the above condensation, benzoylchloride be replaced by
phenylacetyl chloride the resultant product is no longer capable of

yielding a vat and has presumably the following formula :

CO—— C-CeHs
I II

C6H< )C=C( )C6H4

C0H5-C CO

both indigoid CO groups having disappeared. This product is, however,

of value as a pigment under the name Ciba Lake Red jB.f

Of the homologues of Indigo only jS-naphthindigo (see p. 420)

is of any importance, as, although valueless itself as a vat colour, it is

converted into a useful dye on bromination : the commercial dyes

Ciba Green (J.) and Helindone Green G (M.L.B.) are thus obtained

by brominating j8-naphthindigo.J

Similar properties are shown by the chloro derivatives which may
be obtained by chlorinating j8-naphthindigo or j8-naphthindigo white

with sulphurylchloride.§

Green vat colours of the mixed naphthindol-2-indol type may be

obtained by condensing a-derivatives of j8-naphthisatin of the general

formula :

.NHn

^"Xco/^
CioHe-^Z/ \C-Y

(where Z=H or halogen ; Y= halogen or N-aryl) with indoxyl or

acetindoxyl and subsequent halogenation.|| For instance, mono- or

dibromnaphthisatin chloride may be condensed with indoxyl to

form bromnaphthindol-2-indolindigo, which can then be further

brominated in neutral solvents.

* Engi and Frohlich, U.S.P. 994988 ; E.P. 29368/10.

t D.R.P. 260243, 263470 ; E.P. 8421/12 ; G. Engi, Zeitsch. f, ang. Chem., 144

(1914).

J D.R.P. 193970; E.P. 10327/07.

§ D.R.P. 168683, 206352 (M.L.B.) ; E.P. 3182/05.

II D.R.P. 210828. .
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2-THIONArHTHENE-2'-lNDOLINDIGO GrOUP.

The parent substance of this group is the so-called Ciba Violet A

,

and is obtained by condensing together 3-hydroxy- 1-thionaphthene

with a-isatin anilide *
:

./
COn

^ S ^
i I

: CeHs

it dyes a blue-violet, but is not on the market.

It is therefore an Indigo in which one NH has been replaced by
S, and its colour lies accordingly between blue (Indigo) and red

(Thioindigo), i.e. it is violet-blue.

The preparation of 3-hydroxytliionaphthene will be described under

the heading of Thioindigo : a-isatinanilide is most conveniently

obtained by Sandmeyer's method from thiocarbanilide (see p. 413).

a-Isatin chloride, a-thioisatin, a-isatinphenylhydrazone, etc., may
also be used in place of the anilide.

The mono-, di-, and tri-brom products obtained by halogenation

are of technical value and are sold under the designations of Ciba

Grey G {!.), Ciba Violet B, and 3-B (I.) and Thioindigo Violet K.-f They
can also be synthesized by combining halogenated a-isatin derivatives

with hydroxythionaphthene,J the products obtained containing the

halogen atoms in known positions.

By the introduction of amino groups, e.g. by combining amino-

hydroxythionaphthene with a-isatinanilide, the colour is altered

to brown, whilst the fastness can be increased by bromination. It

is possible that Helindone Brown 2R and 5R (M.L.B.) belong to

this group.

6isTHIONAPHTHENEINDIGO (ThIOINDIGO) GrOUP.

Special interest attaches to the group of Thioindigo, which was
discovered by P. Friedlander in 1906,§ as it has been most exhaustively

studied and many of its derivatives have been prepared, a considerable

number of which are to be found in commerce.

2 : 2'-6isTliionaphtheneindigo :

4 4'

6'

7

\ s^
. ^s

6'

was first brought into commerce by Kalle & Co., as Thioindigo Red.

The production of Thioindigo is analogous to that of Indigo from

anthranilic acid, with the difference, however, that the starting material

* D.K.P. 182260, 190292; E.P. 17162/06, 11760/06 (I.).

t D.R.P. 190293, 191098; E.P. 11760/06, 6490/07, etc. (I.).

i D.R.P. 206537, 206538; E.P. 11609/07, etc. (K.).

§ Ber., 39, 1060 (1906) ; Ann. Chem., 351, 390 ; D.R.P. 188702, 192076, 194237,

194254, 197150 ; E.P. 22736/05, 16100/06, 14507/06, 2857^06, etc.
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is thiosalicylic acid, which can be prepared in various ways from anthr-

anilic acid : for instance, on treating diazoanthranilic acid with potas-

sium and copper thiocyanates a-thiocyanobenzoic acid is formed,
which is converted by sodium sulphide into thiosalicylic acid :

/COOH
C6H<

or the diazoanthranilic acid may be allowed to react with sodium
disulphide, which is obtained by dissolving 1 atom S in 1 mol. Na2S.
The reaction takes place as follows :

/N2CI /S S\
2C6H4\ +Na2S2 = CeH/ ;C6H4+2N2+NaCl

\COOH \COOHHOOC/
dithiosalicylic acid being formed ;] during the reaction a labile diazo-

disulphide is formed :

/N2-S2-N.\
CgH/ \:!6H4C00H

\COOH

which rapidly decomposes with evolution of nitrogen. The dithiosalicylic

acid formed is then reduced, by means of iron in alkaline solution, to
thiosalicylic acid :

/S S\ /SH
CeH/ ;C6H4+H2 =-- 2C6H4^

\COOH HOOC/ \COOH

On treating the thiosalicylic acid with chloracetic acid the sulphur
analogue of phenylglycine-o-carboxylic acid is formed, namely, phenyl-

thioglycollic-o-carboxylic acid :

/COOH
C6H4V

\S-CH2.COOH

which on fusion with alkalis is converted into a-hydroxythionaphthene
j8-carboxylic acid (3-hydroxythionaphthene-2-carboxylic acid) :

C6H4( ^C-COOH

from which Thioindoxyl, or 3-hydroxy-1-thionaphthene is formed by
elimination of CO2 :

y\ C.OH

2CH o^

1

(Enol form.) (Keto form.)

Oxidation with a suitable reagent such as potassium ferricyanide

and alkali yields 6isthionaphthene indigo by a doubling of the molecule.

According to the Gesellschaft fiir chemische Industrie in Basle,
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the dye may be obtained direct from phenylthioglycol-o-carboxylic

acid by boiling for some time with nitrobenzene.*

Again, phenylthioglycol-o-carboxylic acid may be obtained direct

from anthranilic acid by allowing a diazotized solution of this latter

acid to act upon thioglycollic acid, which is, in turn, easily made from
monochloracetic acid and sodium hydrosulphide :

ClCH2.C00H+NaSH = SH.CH2.C00H+NaCl

^„/N2Cl /S.CH2.COOH
CeH/^^^^ +SH.CH2.COOH = CeH/ -fNs+HCl

\COOH \COOH
A very neat synthesis of Thioindigo has been devised by Miinch.f

Dichlorethylene is condensed with thiosalicylic acid, and two molecules

of water are then removed from the product by means of chlorsul-

phonic acid :

/COOH /COOH HOOCx
2CeH4^ +CH=CH ^ CeH

.(
)ceH.

CI CI S"^ ^s^

/C0\ ./C0\—> C6H4\ /C=-C\ /CeHi
\s / \s /

(As already noted, this method cannot be utilized in the Indigo

series as no ring closing occurs.) (Cf. p. 419.)

Thioindigo may also be obtained from o-acetylmercaptan by
oxidation in alkaline solution : this reaction may also be performed
with the substituted derivatives. J

Thioindigo may be obtained direct from phenylthioglycoUic-

o-carboxylic acid by heating with bisulphite solutions.

§

Substituted phenylthioglycollie acids may be converted into the

corresponding thioindigo derivatives by means of chlorsulphonic

acid, thus affording a valuable method for the production of such dyes,l|

but in the case of phenylthioglycollic acid itself the product consists

chiefly of sulphonated Thioindigo Red, just as phenylglycine yields

Indigotindisulphonic acid on treatment with fuming sulphuric acid

(B. Heymann).
Thioindigo prepared by these methods is sold as Vat Red (B.A.S.F.

and By.). Thioindigo Red is now made in England under the

name Durindone Red B (Lev.). In passing we may note that owing

to the fact that Thioindigo itself was the first member of this interesting

group to be discovered, the patent literature on this subject, that dealing

with the necessary intermediates, is so voluminous that no attempt

can be made even to summarize it.

Thioindigo comes into the market either as a paste or as a red powder.

In the pure state it forms red crystals which dissolve in cone, sul-

phuric acid to a green solution ; in distinction to Indigo, however, it

* D.R.P. 187586 ; E.P. 4687/06, 24092/06.

t Zeitsch. f. ang. Chem., 21, 2059 ; D.R.P. 205324 ; E.P. 26053/07 (B.A.S.F.).

t D.R.P. 198509, 202632 ; E.P. 4541/08 (M.L.B.).

§ E.P. 29765/06 (M.L.B.).
|| D.R.P. 203029 ; E.P. 28578/06.
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does not form a sulphonic acid during the process, so that on diluting

the liquid the dye is reprecipitated as an amorphous red precipitate.

The solution in organic solvents such as xylene is red with a yellow

fluorescence. By the action of nitric acid it is not oxidized to

thionaphthenequinone :

/\ CO

CO

as might be expected, but a sulphoxide is apparently produced,*

under other conditions nitration is effected.

f

Thioindigo dyes vegetable and animal fibres in the vat a bluish-

red of excellent fastness ; cotton may also be dyed with it from a

sodium sulphide bath. It can hardly be regarded as a competitor with

alizarin, as its price is rather high and, in addition, its shade is too bluish.

By the introduction of suitable substituents the colour may be

altered to a remarkable degree, the position of the substituents having

a very great influence upon the colour.

Thus 6 :
6'-diethoxythioindigo dyes a brilliant orange [Thioindigo

OrangeR (K.), Helindone Orange R (M.L.B.)], whilst the 5 : 5'-dialkoxy-

thioindigo is a dark violet. Again, the 6 : 6'-diethylthio-6isthionaph-

theneindigo is red [Helindone Scarlet S (M.L.B.)], whilst the 5 :
5'

derivative is a greenish black vat dye. Similar differences are shown
between the yellowish brown 6 : 6'-diaminothioindigo and the greenish-

black 5 : 5'-diamino derivative.

Generally speaking, substituents in position (6), 2)ara to the CO
group, tend to alter the shade towards yellow, whilst meta (5) substituents

deepen the shade to blue ; the effect of groups in positions (4) and

(7), which are less important from the technical standpoint, have a

similar effect as in (5), The following examples will illustrate this :

/CO CO\^

\ s ^ ^ s y\y
n

C2H50\/v/CO

Violet-blue.

Bluish-red

,CO\/\/OC2H5

S/ C2H50/V\ S^ ^ S /\/\OC2H5
Orange-red.

C2H5S\^/CO CO\x\/SC2H5
^ /\^^\ /^^^lA

\A S
-""^ ^ S /\/ C2H5S/\/'\ S -^ .^ S A/'
Blue-black.

H2N\y\/C0 C0\/\/NH2

>=<
\S^ ^ S/

Green-black.

/\SC2H5
Alizarin-red.

H2N/\/\ S
^ ^ S y\y\NB.2

Yellowish -brown."

* D.R.P. 202707, 202708 ; E.P. 8381/08 (Homolka).

t D.R.P. 216224; E.P. 16996/09.
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These examples might be Supplemented to any extent, as an ex-

tremely large number of compounds of the thioindigo series have been
prepared and described in numerous patents, by replacing the hydrogen
atoms of the benzene nuclei bv various substituents such as CH3,
CI, Br, OC2H5, OCH3, SCH3, NH2, etc.

As regards the preparation of these compounds it will suffice to

say they are prepared by similar methods to those given for thioindigo,

but starting with the corresponding substituted anthranilic acids.

Although not extremely complicated in structure the substituted

thioindigos probably involve in many cases a larger number of inter-

mediate stages than do the representatives of any other classes of

colouring matters.

As an example we may note the case of Helindone Scarlet S {6 :
Q' -

diethylthio-6?5thionaphtheneindigo) .
*

Starting from 4-acetaminoanthranilic acid (I), the various pro-

cesses required may be seen from the scheme given on page 437.

This is, perhaps, a particularly complex case, but serves to illustrate

the laborious methods required for the production of certain colours

of this group.

As a rule, the introduction of halogens increases the fastness and
deepens the colour ; on brominating the 6 : 6'-diethoxythioindigo men-
tioned above, the red dye Helindone Fast Scarlet R (M.L.B.) is

formed ; similarly halogenated 4 : 4'-dialkoxythioindigo—which is not
prepared technically—is also a pure red dye. The halogen-thioindigos

themselves may either be prepared synthetically,! in which case the

position of the halogen atoms is known from the composition of the

intermediates—or by direct halogenation in solvents or even in water. J
In the latter case the position of the halogens is not shown, but it

is probable that in this case also position 5 is preferred.

6 : 6'-Dichlorthioindigo is to be found in commerce as Ciba Red
B (I.) ; Helindone Pink M.L.B.) is a dimethylthioindigo, brominated
meta to the sulphur ; Ciha Bordeaux B (I.) is 5 : 5'-dibromthioindigo.

Other halogenated products are Helindone Red B and 3B (M.L.B.)

and a series of violet dyes such as Helindone VioletB andBB (M.L.B.).

Other violet vat dyes may be obtained by the action of primary amines
upon the polyhalogen derivatives, a portion of the halogen in these

being replaced by arylamino groups.

§

Whilst phenylthioglycoUic acid itself is converted into Thioindigo

sulphonic acid
||
on treatment with cone, sulphuric acid, the sub-

stituted phenylthioglycoUic acids on treatment with sulphuric acid

or chlorsulphonic acid are converted into the corresponding unsulphon-

ated thioindigo dyes. This was first observed in the case of the disub-

stitution products in which the substituents are para to one another ; ^
and later it was found that this method could be used where the sub-

* E.P. 1472/07.

t D.R.P. 198864, 199492, 237425, 241839 ; E.P. 29765/06, 2769/07, 10755/08.

i D.R.P. 225132, 233601 ; E.P. 21581/09, 12321/10.

§ D.R.P. 221216 (M.L.B.).

II
D.R.P. 177345 (K.) ; cf. E.P. 8162/07.

i D.R.P. 198864 (K.) ; E.P. 28578/06, 4592/07.
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stituents occupied other positions. Thus from the 3 : 4-dichlorphenyl-
thioglycollic acid corresponding to 3 : 4-dichloraniline, a tetrachlor-

thioindigo is obtainable. In order that the ring-closing may occur
it is necessary that the position ortho to the —SCH2.COOH group shall

be free. If only one position is free, the constitution of the resulting
compound is known at once ; if, however, both positions are free, it

is hardly possible to foretell in which direction the ring will close. By
the use of these methods a series of homologous thioindigos has been
obtained.

By introducing amino groups into certain positions yellow, brown
and orange dyes may be obtained. Thus by treating m-aminophenyl-
thioglycollic acid with chlorsulphonic acid, a diaminothioindigo is

produced which is said to differ from the 6 :
6' compound and yields

a fast brown on bromination ; brominated 6 : 6'-diaminothioindigo
itself dyes a clear orange, Helindone Orange D (M.L.B.).

4 : 4'-Diamino-7 : 7'-dimethylthioindigo, on the contrary, is a blue
dye which can be obtained from m-amino-o-tolylthioglycollic acid,

or its acetyl compound :

Its fastness may be increased by halogenation.

Amino groups in positions 4:4', 5 : 5', and 7 :
7' seem always to

produce a blue shade, as may be seen in the case of Helindone Grey
(M.L.B.) or Thioindigo Grey (K.), and also Helindone Grey BR
(M.L.B.) which is presumably dichlor-7 : 7'-diaminothioindigo.

Friedlander has also synthesized and examined the hydroxy- and
methoxy- derivatives and has found that 6 : 6'-dimethoxythioindigo

is orange-red (cf. Thioindigo Orange R), the 5 : 5'-isomer being bluish-

violet, whilst the 4 :
4' compound is a bluish-red very similar to Thio-

indigo Red itself. The corresponding hydroxy compounds exhibit

practically the same colours.*

It will be seen, therefor^, that the introduction of substituents into

the Thioindigo molecule can produce a variety of different shades,

most of which, however, are in the orange, red and violet portions of

the spectrum.

Thioindigo analogues of the naphthalene series have also been

prepared, such as the blue vat dye f from l-aminonaphthalene-8-carb-

oxylic acid, which presumably has the formula :

* Friedlander, Ber., 49, 955 (1916)
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and a blue-green vat dye from naphthyl-2-thioglycol-3-carboxylic

acid.*

The corresponding derivative from 2 : 1-naphthylthioglycollic-

carboxylic acid, of the following formula :

CO. /CO—.

is a brown vat dye.f

The number of possible substitution products is of course much
greater here than in the benzene series ; nevertheless, no investigation

of these compounds from this point of view has been carried out.

2-Indol-3'-Indoijndigo (iNDiRUBmE) Group.

Indirubine is formed by condensing indoxyl with isatiii, it is

therefore a by-product in the production of synthetic indigo, the

indoxyl-melt, always containing small quantities of isatin. Indiru-

bine may also be formed by condensing oxindol with isatin chloride.

Both these syntheses would appear to offer proofs of the constitution

of this body as 2-indol-3'-indolindigo :

/C0\
C6H< )C=C "

CO

doubts have, however, been cast upon this formula.

J

Indirubine is valueless as a dye, and is said to be transformed into

Indigo on vatting,§ though this statement is somewhat open to

question.
II

The halogen substitution products are, however, of value, especially

Ciba Heliotrope (I.), which is obtained by direct bromination, and is

probably the tetrabrom substitution product. Here also we find

confirmation of the fact that the introduction of halogen deepens

the shade and considerably increases the fastness of a dye. In place

of direct bromination, the brominated products may be obtained

synthetically by condensing 5 : 7-dibromisatin with indoxyl,^ or by

treating halogenated indoxyls with isatin or its homologues.

By brominating 7-methylindirubine, which is obtained from

7-methylindoxyl and isatin ** :

* D.R.P. 240118.

t E.P. 15607/07 {M.L.B.).

i Maillard, Bull. Soc. Chim., 1908, 1153.

§ Fasal, Mitt, des Techn. Qew. Mus., 1895, V. 307.

II
Zeitsch. fiir Farbenchemie, 1903, 267.

i D.R.P. 203407 (I.) ; E.P. 6830/08.
** E.P. 24886/10.
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—CO
I

c=c

a violet vat colour is obtained, Helindone Violet D (M.L.B.).*

Curiously enough, the isomeric dye from 7-methylisatin and
indoxyl is of no interest from the dyeing standpoint.

2-THIO]SrAPHTHENE-3'-lNDOLINDIGO GrOUP.

The compounds of this series are produced by condensing hydi'oxj'^-

thionaphthenes with isatins or their substitution products. The
hydroxythionaphthene reacts in the ketonic form with the ^-CO
group of the isatin, forming an unsymmetrical derivative, Thioindigo
Scarlet R (K.) discovered by Albrecht.f

CO
CcHZ \gh2 + OiC ^

oc
/COx

CeHK )C=C /\
\NH/\/ OC

Durindone Scarlet R (Lev.) is probably identical with this.

If, however, hydroxythionaphthenes be allowed to react with
a-isatin derivatives (such as a-isatinanilide, chloride, hydrazone,

etc.) symmetrical compounds are obtained which are derived from
Ciba Violet, and have already been described (p. 432).

Thioindigo Scarlet, as its name indicates, gives more scarlet shades

than Thioindigo Red, and is used to a large extent owing to its excellent

fastness to light, weather, and chlorine.

On brominating in concentrated sulphuric acid or chlorsulphonic

acid, a brominated derivative is obtained, which can also be synthesized

from dibromisatin and hydroxythionaphthene.J These products are

sold as Thioindigo Scarlet G (K.) or Ciba Red G (I.).

Thioindigo Scarlet is also said to be formed by condensing oxindole

with 2:3-diketodihydro-l-thionaphthene§ (Thionaphthenequinone) :

/CeH^x . /C0\ /C6H4\ yCOx
^B.( ;gh2 + oc; ;c6H4 - nh( ;c=c; ;c6H4+H20
\co/ " \s^ ^co^ ^s/

a process which is, however, only of theoretical interest, as the neces-

sary intermediates are not available on a technical scale.

Brown dyes, amongst which Helindone Brown G (M.L.B.) anndThio-

indigo Brown G (K.) are probably to be reckoned, are produced from
6-aminothipnaphthene and isatin or dibromisatin. Their fastness may

* This dye was only on the market for a short time.

t D.R.P. 182260 (K.); E.P. 17162/06; Monatsschrift fur Ghemie, 29. 375.

i D.R.P. 191097 ; E.P. 6490/07, 19158/07.

§ D.R.P. 241327.
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be increased by further bromination of the condensation product in

S2CI2 solution.*

2-Thionaphthene-acenaphtheneindigo Group.

The condensation product from 3-hydroxythionaphthene and

acenaphthenequinone,t discovered by Grob, has the formula :

and is of some technical importance as a red vat dye ; it comes into

the market as Ciba Scarlet G (I.), Thioindigo Scarlet 2G (K.) and

Helindone Fast Scarlet C (M.L.B.).

In this case also substitution products may be prepared ; a bromi-

nated product is obtained by brominating in concentrated sulphuric

acid, whilst halogenated products can also be produced either by
condensing halogenated hydroxythionaphthenes with acenaphthene-

quinone, or by treating hydroxythionaphthene with an acenaphthene-

quinone halogenated in the naphthalene nucleus J [{Ciba Red R (I.)].

Ciba Orange G (I.) is an orange dye of this group which is obtained

by condensing aminohydroxythionapthene or its carboxylic acid with

acenaphthenequinone, and subsequent halogenation.§ This reaction

can, of course, be extended to the substitution products of acenaph-

thenequinone, the colours so obtained dyeing cotton from a vat in

orange to brown-orange shades.

Condensation products from acenaphthenequinone and indoxyl

or its derivatives have also been obtained which belong to this group.
||

jS-Naphthindoxyl and acenaphthenequinone condense to form a fast

grey-brown vat dye for wool.^

Acenaphthenone :

CO-CH2
I

has also been used for the preparation of vat colours by condensing

it with a-isatin, or naphthisatin derivatives ;
** it is possible that

the compounds prepared in this manner are identical with the colours

obtained from indoxyl and acenaphthenequinone ; in neither case,

however, do the products appear so far to have attained to any technical

importance.

Tndigqid Dyes containing Various- Groups.

By condensing a-isatinanilide with a-anthrol, 2-anthracene-2-

indolindigo is obtained :

* D.R.P. 201837, 221529, 221530, 224205; E.P. 17265/09, 28170/09.

t Ber., 41, 3331 (1908). t D.R.P. 196349, 213504, 212870.

§ E.P. 22067/11.
II
D.R.P. 234178 (By.) ; E.P. 2105/10.

Tf D.R.P. 235811 (M.L.B.). * D.R.P. 237719 (By.); E.P. 27773/09.
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=cr

.C0\/\

^NH/\y

the dibrom substitution product of which (prepared from 5 : 7-dibrom-

isatin) constitutes the commercial dye Alizarin Indigo C (By.).*

In addition, dyes may be obtained by the condensation of dibrom-

isatin with a-naphthol (dibrom-2-naphthalene-2'-indolindigo), from

a-isatinanilide and the monomethyl ether of 1 : 4-dihydroxynaph-

thalene with subsequent bromination, from a-isatin derivatives and

hydroxyacenaphthene, from hydroxythionaphthene and halogen

substitution products of a-naphthol,t etc.

Here also the fastness is enhanced by halogenation, and the vat

colours so obtained, which are specially suited for calico printing

and show great fastness to chlorine, come into the market as Alizarin

Indigo G, B, 3R, IR, etc.

Helindone Blue SGN (M.L.B.) J or Thioindigo Blue 2G (K.) is the

condensation product from a-isatinarylimides and reduced a-hydroxy-

anthraquinone :

/C(OH)x
CeH/

I

)C6H30H
^C(OH)^

In the acenaphthene series the condensation product from ace-

naphthenone and acena.phthenequinone, diacenaphthylidenedione :

CioHg'
/CO COn

^c - c /CioHe

may be mentioned ; it dyes cotton an orange-yellow from a violet vat.§

Recently some very valuable work has been done by Friedlander

and his assistants on complex indigoid dyes containing various groups

interposed between the two symmetrical halves of the Indigo molecule,

the products being of the general types :

and
\y^x

(where X and Y may be O, S, or NH).]!

* D.R.P. 237199 ; E.P. 7819/09, 5808/10.

t D.R.P. 193272, 197037, 237266, 241825, 241827 ; E.P. 27029/09.

t D.R.P. 242053 (M.L.B.).

§ D.R.P. 212858 (I.).

II
D.R.P. 239916 (K.) ; Friedlander and Risse, Ber., 47, 1919 (1914).
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They are obtained by condensing dialdehydes, diketones, etc.,

with hydroxythionaphthene, indoxyl, etc.

Thus the comj)ound from indoxyl and glyoxal has the formula :

xAnh ^nhA/
and scarcely differs in tinctorial properties from Indigotin ; again,

glyoxal and hydroxythionaphthene yield a bordeaux-red dye.

Phthalaldehyde condenses with 2 mols. hydioxytbiouaphthene to

give an orange-red pigment

:

C6H4 )C=CH\ yCKO /C0\
:C( )C6H4

It forms a colourless vat, which oxidizes first to blue and thien to

the original colour again. The corresponding dye from terephthalal-

dehyde is j^ellow.

Further, diacetyl, or benzil or their derivatives, may be used for

the condensation and caused to react with 2 mols. hydroxythionaphthene
or indoxyl, or with 1 mol. each of the latter substances or their sub-

stitution products.

As mentioned above, dyes may be obtained by condensing isatin

or hydroxythionaphthene and their derivatives, with a-naphthol.

Latterly a considerable amount of work has been carried out upon
this group of compounds leading to very interesting results.

If the a-naphthol be replaced by substituted naphthols (or a-

anthrols) having a free ortho position to the hydroxyl, a series of colours

may be obtained differing much among themselves as regards colour,

fastness,* etc., e.g. :

x\m _ c^
CO

NH
^'^"^=c(

CO

NH/

CeHsNH
Black.

C6H5.CO.NH/\/\y

Black

\/

/\

HN
I

\/\,C0 c

s

x\

\yCO
-Cs

/COyX

Violet-red. Violet.

* D.R.P. 274299, 277197, 292360, 292569,
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Whilst other substituted naphthalene-thiouaphthene-indigos have been

obtained by treating various azo colours with hydroxythionaphthene,

a portion of the original molecule being split off as shown below.*

For example, from Orange I we get :

OH OH

+ H2N . C6H4 . SO3H

NH2
Blue-black.

The following dyes have been prepared in a similar manner

CeHs.CO.NH NH2
Greenish-black.

NH2
Brownish-black.

Isatin chlorides react with 8-phenyl-I-indanone to jrield indigoid

dyes, that from 5 : 7-dichlorisatin having the following formula:

C
'^ ^NHAy

C6H5 CI

and dyeing cotton in shades similar to Rhodamine.f
Vat colours have been obtained by condensing a- and j8-uaphtho-

quinones leading to the formation of dyes of the typeJ :

/\'C"n=C
.C0\/\

* D.R.P. 282890.

/

OH

t D.R.P. 285864.

s y\/

X D.R.P. 286151.
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Again, it has been found that isatin chlorides can react not only with

phenolic substances, but also with certain NH— compounds to yield

vat colours : thus., dyes may be obtained from carbazole, perimidine,

thiodiphenylamine, diphenyJindol, etc.*

The compound from carbazole, for instance, has presumably the

following structure :

1 J
/COxX\

Owing, however, to their sensitiveness to alkali, such, dyes are at

present only of theoretical interest.

laatin-a-chloride also reacts with aromatic o-aminocarboxylic acids

such as anthranilic acid to yield vat dyes. The products from anthr-

anilic acid and from benzidine-3 : 3'-diearboxyIic acid have the following

structures respectively :

./N\.
-CO^

Nco/

and dye yellowish-brown shades. •[

=^-^--0-«=<co/°'^'

II. ANTHRAQUINONE VAT DYES.

The anthraquinoue vat dyes form a second important group of

vat colour's which differ in many respects from the indigoid dyes which
we have just been examining. A hard and fast line of demarcation

cannot, however, be drawn, as the dyes Alizarin Indigo G and Helin-

done Blue 3GN, for example, noted in the previous section, contain

an anthracene residue.

At the same time it is usual to confine the term " Anthraquinone
dyes " to those which are prepared from anthraquinone or its

derivatives, including, however, such anthi'aquinone compounds as

may be synthesized from the corresponding phthalic acid derivatives

via the benzoylbenzoic acids and subsequent closing of the ringJ
(cf. p. 60).

Thus, for instance, halogen methylanthraquinones may be obtained

from halogen derivatives of toluene and phthalic anhydride ; §

derivatives of 1 : 3-diaminoanthraquinone from diaminobenzoylbenzoic

* D.R.P. 247321, 254363.

t D.R.P. 287373, 288055.

I For anthraquinone itself see Heller, Zeitsch. f. angew. Chemie, 19, 669.

§ Fr. P. 398015.
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acid (obtained by nitration and reduction) ;* phenantliroanthraquinone
from phenanthrene, phthalic acid and aluminium chloride ;t chlorinated
Flavanthrones from chlorinated phthalic acids and toluene, % and
so on.§

The vat-dyeing properties of these anthraquinone colours are due,
generally spealdng, to the presence of two CO groups, which are trans-

formed on reduction into C{OH) groups, which are capable of forming
alkali salts. Thus, anthraquinone itself gives a red vat with hydro-
sulphite, due to the formation of oxanthranol,|| which, however, does
not possess any dyeing properties. Phenanthroanthraquinone men-
tioned above is said to be a faint yellow vat dye, whilst naphthanthra-
quinone is utilized as a yellow pigment (see p. 294).

Exactly to which groups the vat-dyeing properties are to be
attributed has not so far been determined with certainty. Whilst,
for example, the amino- and aminohydroxy-anthraquinones are known
to be strongly coloured, they are not vat dyes, yet certain of their

acyl compounds are most admirable vat dyes. Thus a-benzoylamino-
anthraquinone is a yellow vat colour for cotton {Algol Yellow WG)
and also for wool. The benzoyl group in particular and its derivatives

(chlor-, nitro-, benzoyl, etc.) appears to be specially suited for the pro-

duction of vat colours, though this property is also possessed by
other groups such as succinyl-, phthaloyl-, etc. Formyl and acetyl

groups do not afford cotton vat dyes, though their introduction into

aminoanthraquinones is said to give vat dyes ^ suitable for wool.

The following experiments, carried out by R. Pummerer and
K. Brass in the endeavour to ascertain the ultimate cause of vat-dyeing
properties,** are of interest with regard to vat dyes both of the anthra-
quinone and of the indigoid classes.

a-Naphthoquinone and aniline react together to give anilido-a-

naphthoquinone, whilst p-aminoanilino-a-naphthoquinone is obtained
in a similar manner from a-naphthoquinone and ^-phenylenediamine :

O O

/NH—^CeHs X\A/NH—C6H4NH2

II

o

Both these substances may be vatted, but are not dyes, since the

oxidized dyeing is removed again on washing.

The dye, however, from 1 mol. p-phenylenediamine and 2 mols.

a -naphthoquinone, N . N'-bis-a-naphthoquinonyl-p-phenylenediamine :

* D.R.P. 205036.
'

f D.R.P. 194328.

t D.R.P. 211927; E.P. 10412/08.

§ Cf. also E.P., 82, 12920, 13019, 13241, 17259, 22440, 22840, of 1912; and
8917, 12237, 14954, 15057 of 1914.

II
Grandmougin, Ber., 39, 3561 (1906).

1[ D.R.P. 226940 (By.) ; E.P. 3055/09.
** Ber., 44, 1647 (1911).
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O O

NH—/ N—NH-

447

has the properties of a vat dye and dyes cotton fast to washing.

We may point out here the analogy between this vat dye and the

direct cotton colour obtained from /j-phenylenediamine and a-naphthol-

a-sulphonic acid. The introduction of a benzidine or aminodiphenyl-

amine radical into the a-naphthoquinone molecule also leads to the

formation of vat colours.

From these experiments we see that not every coloured substance

capable of giving a vat is necessarily a vat dye. The two essentials for

the production of vat dyeings fast to washing are first, of course, the

affinity of the leuco compound for the fibre, and secondly the adherence

of the dye developed by oxidation on the fibre. A proof of this, for

example, is the fact that Indanthrene sulphonic acid does not dye
cotton directly, but yields dyeings from a vat which are fast to washing.

The following observation is also worthy of note : whilst blue leuco-

Flavanthrene adheres firmly to the fibre and cannot be removed by
washing, leuco-Indigo and leuco-Thioindigo on the other hand can

be removed to a large extent by similar treatment, and yet, as is well

known, the developed shades exhibit quite sufficient powers of resistance.

Again we may note that for the preparation of certain vat dyes,

anthracene or anthracene derivatives are utilized,* as also are the reduc-

tion products of anthraquinone, e.g. anthranol."!* In such cases it is

reasonable to assume that an anthraquinone derivative is formed
during the course of the reaction, or that a bianthrone or a complicated

quinone is produced by the union of two molecules, since the property

of vat-formation is possessed almost exclusively by such compounds.
At the same time it has also been shown that in certain cases the presence

of a single CO group is sufficient to produce a vat dye ; for instance,

the substituted derivatives of coeramidomine, e.g. 14-chlor-, or 12:14-

dichlor-coeramidomine, are yellow vat colours.

J

.CI

<z> CI

H
I

O iNi—

H

ci/N

/\/C\/\
=H20 +

\/^C^\/
II

o

* D.R.P. 186990. t D.R.P. 194197, 203436 ; E.P. 16962/07, 25507/07.

X D.R.P. 126444 (By.) ; E.P. 7398/01 ; H. Decker, Ann. 348, 243.
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The first compound is obtained from 4-chlorphenyl-a-aminoanthra-

quinone, and the second from the 2 : 4-dichlor compound by treatment

with condensing agents, according to the scheme detailed on page 447.

Such derivatives belong both to the anthraquinone and the acridine

series, and on reduction are converted into derivatives of anthra-

hydroquinones and hydroacridines ; these facts appear to show that

the presence of two CO groups is not absolutely essential.

Coerulein also can give a vat in which materials may be dyed
;

such dyeings must, however, be after-treated with metallic salts to

render them fast.*

Again, we may note that Alizarin Blue can be made into a vat

;

the bisulphite compound yields fairly fast dyeings when printed on

unmordanted calico and steamed.

The acylaminoanthraquinones and their derivatives are particularly

simple types of vat colours of the anthraquinone series
;

generally

speaking it is necessary to prepare much more complicated compounds,

which often contain several anthraquinone nuclei united together

in order to produce vat dyes. In this way the various groups are pro-

duced which will be discussed in the following sections.

Owing to the fact that the anthraquinone vat colours must generally

be used in a strongly alkaline vat, the majority are cotton dyes which

are characterized by an extraordinary degree of fastness. Combined
with this fastness is the technically important advantage that an-

thraquinone is a cheap intermediate which can be worked up into

vat colours by means of relatively simple operations. In consequence,

the anthraquinone vat colours are often cheaper than the indigoid

colours, though in neither case do we find a vat red or black which

can compete with Alizarin Red and Aniline Black.

Attention has already been called to a further difference from the

indigoid vat dyes : whilst the last-named in mo^t cases yield reduction

products, which are but slightly coloured, and which dissolve in alkalis

with a yellow colour, the vat dyes of the anthraquinone series frequently

yield intensely coloured vats, so that, on occasion, the reduction

product may be more intensely coloured than the dye itself. This

fact may be explained in accordance with the law mentioned in the

introduction, that when chromogens containing more than one chromo-

phore are reduced or otherwise altered in such a way that a portion

of the chromophore remains unchanged whilst the other is converted

into an auxochromic group, then a deepening of the colour may occur

(R. Scholl).t For instance, the yellow Auranthrone yields a dark

brown-red vat, Flavanthrone (also a yellow dye) gives a dark blue-

violet vat, whilst the orange Pyranthrone can give two differently

coloured vats, magenta-red when hot, and cherry-red cold.

Indanthbone Gboup.

On heating jS-aminoanthraquinone (which is obtained from

jS-anthraquinonesulphonic acid—cf. Alizarin, p. 261—by heating with

* D.R.P. 252576. t Ber., 44, 1448 (1911).
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ammonia in autoclaves under pressure) with alkali to 200°-300° C,
Indanthrene is produced, the most important of the anthraquinone
vat colours. It is now manufactured in Great Britain by several

firms under the following names : Caledon Blue R (Sol.), Chloranthrene
Blue BD (B.D.L.), Duranthrene Blue (Lev.). Indanthrene was the

first dye of this group to be obtained, and yields blue shades, when
dj^ed from a vat after the manner of Indigo, of almost imperishable

fastness ; in this respect it is far superior to Indigo except as regards

its fastness to chlorine.

The product discovered in 1901 by Rene Bohn * was studied

particularly by R. Scholl and his co-workers,f who shewed that

Indanthrene (or more correctly Indanthrone, which expresses the

quinoid character of the compound, whereas the name generally used
would correspond to an oxygen -free compound) is a dianthraquinone-

dihydroazine, of the following formula :

CO
NH\

KNE-A/Coyx

v^coA/
The blue vat solution contains it in the form of a compound corre-

sponding to anthrahydroquinone :

'\/\C(OH)<^^

further reduction products can also be prepared. On oxidizing

Indanthrene, the corresponding azine is produced :

C6H4( ;C6H2f )C6H< )C6H4

a yellow-coloured substance, which is, however, less stable than

Indanthrene, and is reconverted into this on reduction, on heating,

or on exposing its dyeings to light. Indanthrene itself is not, however,

very resistant to oxidizing agents ; its dyeings become a greenish-

yellow on exposure to chlorine, being converted into the azine. For

many purposes, especially for printing, chlorine-fast brands are

requisite ; these are obtained sufficiently fast by halogenating In-

danthrene. These constitute the commercial marks Indanthrene Blue

GC, GCD, CE, RC, etc. (B.A.S.F.), which are respectively the dibrom-,

* D.R.P. 129845, 129848, 138167, 155415, 210223, 216891 ; E.P. 3239/01,

4035/02, 339/09.

t Ber., 36, 3410, 3421, 3710 (1903) ; 40, 320, 326, 390, 396, 924, 933 (1907).

16
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dichlor-, monochlor-, and monobrom-indanthrenes.* Algol Blue CF
(By.) is also a halogenated Indanthrene.

A trichloroindanthrene resistant to chlorine may be obtained by
chlorinating Indanthrene Blue at 110° in presence of a carrier, and
subsequent treatment with hydrosulphite,f whilst tri- and tetrachloro

derivatives may be obtained by chlorinating at temperatures below 40°

in an inert organic solvent.

{

Indanthrene may also be prepared from j8-aminoanthraquinone

with the aid of other oxidizing agents, such as manganese dioxide,

chromic acid, nitric acid, etc. According to a patent of the Farben-

fabriken vorm. Fr. Bayer & Co., it may also be produced by heating

1 : 2-aminohalogenanthraquinone with copper chloride and sodium
acetate in nitrobenzene solution.

§

/VCOx/\

\

h:n-/v^^\/n

C0\/\+2HBr

co\/
It is somewhat remarkable that 2-amino-l:3-dibromanthraquinone,

which is obtained by brominating 2-aminoanthraquinone, also yields

Indanthrene when submitted to the same reaction, which can only

be explained by assuming that the halogen in position 3 can be readily

split off.

A curious method of formation of Indanthrene, discovered by
the B.A.S.F., consists in exposing to the action of the air a mixture

of j3-aminoanthraquinone, caustic potash and alcohol at a moderate

temperature.
1

1

Indanthrene may also be obtained by treating 1-aminoanthra-

quinone with acid reagents or metallic salts,^ or lastly by condensing

1 : 2-diaminoanthraquinone with 1 : 2-dihydroxyquinone, i.e. Alizarin.**

The only practicable method, however, for preparing Indanthrene

on a large scale is from 2-aminoanthraquinone by means of an alkali

fusion ; a further series of products of this class may be prepared by

the synthesis mentioned above from halogen aminoanthraquinone

* D.R.P. 155415, 158167, 168042 (B.A.S.F.) ; E.P. 4035/02, 23179/03, 17242/05.

t D.R.P. 292127. | D.R.P. 296841.

§|D.R.P. 158287, 158474; E.P. 7692/04, 12757/05. ||
D.R.P. 287270.

Tl D.R.P. 186636, 186637 ; E.P. 7692/04, 28734/04, 19322/06.
** D.R.P. 178130; E.P. 9102/06.
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in presence of copper salts and basic substances. For instance, N-
dimethylindanthrone may be prepared in this manner from 2-brom-

1-methylaminoanthraquinone, 4:4'-dihydroxyindanthrone from the

corresponding 4-hydroxy-2-brom-l-aminoanthraquinone, and a green

Indanthrene dye from 2:3-dibrom-l:4-diaminoanthraquinone, which
is obtained by the bromination of l:4-diaminoanthraquinone. These

colours come into the market as Algol Blue K, Algol Blue 3G, and
Algol Green D (By.) respectively.*

By condensing o-halogen-substituted aminoanthraquinones with

aminoanthraquinones, o-aminodianthraquinonylamines are obtained,

which are converted by oxidizing agents into derivatives of the anthra-

quinonehydroazine type. The reaction may be formulated thus :

R R
/ / R
N H N H N

a; ^h + ;a' —> A^ ^H ^A' + —> a; >'

•H H H

where A and A' are substituted or unsubstituted anthraquinone nuclei

(in A' the ortho position to the NH2 group must be free), and R is

hydrogen, or acyl-, alkyl- or aryl-radicles.

A homologue of Indanthrene Blue, 3 : 3'-dimethylindanthrone, is

formed on melting 2 : 3-methylaminoanthraquinone with potash
; f it

dyes greenish-blue shades which are said to be absolutely fast. By
splitting off the sulphonic groups from an Indanthrene sulphonic acid,

a dye is obtained which differs from Indanthrene Blue and dyes more
greenish shades than this [Indanthrene Blue SG (B.A.S.F.)].{

By the alkali fusion of 2-methyl-a-j8-dianthraquinonylamine a

vat colour is produced, § which is possibly an acridine derivative of

the anthraquinone series, and dyes orange shades from a violet vat.

Auranthrone, which is obtained by similar methods from ^-methyl-

anthraquinone by the action of alkaline reagents such as alcoholic

potash, milk of lime, etc., and preferably with the addition of oxidizing

agents, was previously included in the Indanthrone group.
|1

Instead of j3-methylanthraquinone, w-brom-, or -dibrom-jS-methyl-

anthraquinone may be submitted to the same reaction, Auranthrone
being also produced by this process. This method of formation makes
it practically certain that Auranthrone is a stilbene derivative, i.e.

2: 2'-dianthraquinonyl-ethylene ^ :

nAco
* D.R.P. 193121 ; E.P. 7692/04. t Fr. P. 417332.

% D.R.P. 192436, 227790 ; E.P. 23875/09. § D.R.P. 192436.

II
D.R.P. 179893, 192436, 199756; E.P. 10677/05, 16632/05.

•jf
Ullmann and Klingenberg, Ber. 46, 712 (1913). 2 : 2'-Dianthraqiunonyl.

acetylene is also a yellow vat dye.
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Auranthrone is known commeTcisdly a,s Anthraflavone G (B.A.S.F.),

but finds only limited application as it is fugitive ; this fact also points

to its having a different constitution from Indanthrone. Green shades,

however, obtained with it in conjunction with Indanthrene Blue show

a good degree of fastness.

More recently, however,* it has been shown that the same dye is

produced on heating co -dihalogen-2-methylanthraquinone with alkali

iodides or with metallic copper, and the assumption is made that

the product has the constitution of a diphthaloylanthracene :

\y\co/\./\

and not that of a dianthraquinonyl ethylene, though its relatively poor
fastness agrees better with the latter mode of formulation.

Flavanthrone Group.

During the potash-melt of ^-aminoanthraquinone, a yellow vat

dye is formed, together with Indanthrene Blue, which is termed
Flavanthrone.\ This dye is sold as Indanthrene Yellow G (B.A.S.F.),

Chloranthrene Yellow (B.D.L.), and Caledon Yellow G (Sol.), and is

obtained most conveniently on the technical scale by the action of

antimony pentachloride upon j8-aminoanthraquinone % :

+H2O

Indanthrene Yellow G dyes cotton yellow shades from a dark blue-

violet vat, which show an excellent fastness to light, washing and
chlorine.

* D.R.P. 260662, 267546 (B.A.S.F.).

f A slight amount of Alizarin is also formed.

X D.R.P. 138119 (B.A.S.F.); E.P. 24354/01.
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The constitution of this dye has been examined by R. Scholl and
his assistants, and has been completely established by means of the

following synthesis.* 11. Scholl and Mansfeld start with l-nitro-2-

methylanthraquinone, which is converted into the corresponding

amino compound from which 1 -iodo-2-methylanthraqiiinone is pre-

pared in the usual way. On heating this with copper powder, according

to the method discovered byUllmann,f 2:2'-dimethyldianthraqiiinonyl

is obtained :

/V<^0\^

\/^coAy\cH

CH3\/VC0\/\

\/^co^\/

COyX

\co\/\CH3
I

CH3\/\/C0

\/\co

On oxidizing this with chromic acid the two methyl groups are con-

verted into COOH groujjs, and the dicarboxylic acid is then trans-

formed into the acid amide in the usual manner. On treating the latter

with alkali and bromine according to Hofmann's reaction, the amine
is produced, from which Flavanthrone is then formed by the closing

of the ring.

It has now been established that 2:2'-diamino-l: I'-dianthra-

quinonyl :

\AcO/^\X\NH2
I

H2Nx/\/C0v/\

V\co/\/

is formed intermediately during the synthesis, and this substance

has been isolated in the form of red needles, which are converted into

Flavanthrone at 250^ C.J

We are also indebted to the same investigator for further important

investigations upon Pyranihrone and its derivatives.§

As already mentioned, dianthraquinonyls are produced by con-

densing halogen- or diazoanthraquinones with cojjper powder. If

* Ber., 40, 1691 (1907).

t Ann. Chem., 332, 38 ; D.R.P. 180157 ; E.P. 14578/05.

i Scholl and Dischendorfer, Ber., 57, 452 (1918).

§ Ber., 41, 2354, 2364 (1908); 43, 340 (1910); 44, 1448 (1911).
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anthraquinone derivatives, which contain a CH3 group ortlio to the

halogen, be used as starting materials, then on heating the dianthra-

quinonyl first formed with dehydrating agents, Pyranthrone is pro-

duced * :

/\yO^\/\

I

CH3\/VC0\/\

Dimethyldianthraquinonyl

2H2O
II I II

V^co
Pyranthrone,

The constitution of Pyranthrone has also been confirmed by a

further synthesis from dibenzoylpyrene. This product is obtained

by the well-known Friedel and Crafts reaction (together with triben-

zoylpyrene) by the action of benzoylchloride upon pyrene dissolved

in carbon bisulphide in the presence of aluminium chloride.

On heating dibenzoylpyrene with about 8 parts of aluminium
chloride to 160", Pyranthrone is produced f :

/\,C0,/\

\y^c&\y

Pyranthrone comes into commerce as Indanthrene Gold-Orange G
(B.A.S.F.) and dyes very fast and vivid orange shades from a magenta-

red vat.

Indanthrene Gold-Orange It and Indanthrene Scarlet (B.A.S.F.) are

halogenated Pyranthrones, which may be obtained either by direct

halogenation or may be synthesized from chlorinated phthalic acids

and toluene.J

4:4'-Dimethylpyranthrone dyes golden-yellow, but is not on the

market.§ a-a'-Dianthraquinonyl (I), on treatment with copper,

yields me60-benzdianthrone (Helianthrone) (II)
||

:

* D.R.P. 174494, 175066 (B.A.S.F.) ; E.P. 14578/05, 16271/10, 24486/10.

t Ann. Chem., 394, 143 (1912).

J D.R.P. 218162, 211927, 241472 (B.A.S.F.) ; E.P. 14678/05, 10505/06, 10412/08,

24486/10.

§ Ber., 43, 512 (1910).

II
Ber., 43, 1734 (1910).
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I.

/\/COY\

II.

\/"coX/ V^co"
Possibly the patented vat colours prepared frorn dibenzoyl-^:^'-

diaminodianthraquinonyl * may also belong to this group. On heating

Helianthrone with aluminium chloride, a further internal condensation

occurs, leading to the formation of naphthodianthrone f (III), which

is isomeric with Pyranthrone.

The brown-violet to grey-green vat colours obtained by the nitra-

tion of 2 : 2'-dimethyl-l : I'-dianthraquinonyl, and subsequent reduction,

also belong to the dianthraquinonyl derivatives.

J

The following may be noted with regard to the formation of vats

by the above products : whereas Indanthrone and Flavanthrone yield

a blue vat on reduction, which contains the dihydro compound, and
can only be converted under special conditions into the tetrahydro

compound (which gives a yellowish-brown vat), on the reduction of

Pyranthrone the tetrahydro compound is obtained directly ,§ the

sodium salt of which is contained in the magenta-red vat. The colour

change from the hot magenta-red to the cold cherry-red vat does

not, however, appear to be due to the dihydro compound, but is caused

by the presence of small amounts of colloidal Pyranthrone.

An interesting vat colour whose constitution is somewhat inter-

mediate between that of Indanthrone and Pyranthrone has recently

been synthesized from l-chlor-2-methylanthraquinone and 2-benzyl-

ideneamino-1-chloranthraquinone in presence of copper powder
||

:

/Vco

\/^co

/\,co.

\CH3

CeHs . CH : N-/V^^\/\

\A:;o'\x

\/\/CO\X\

Pyranthridone.

The product, Pyranthridone, dyes cotton in orange-red shades from

a bluish vat.

* Fr. P. 400653. t ^er., 48, 1734 (1910).

J D.R.P. 220580; E.P, 14578/05, 23361/12. § Ber., 43, 351 (1910).

II
Scholl and Dischendorfer, Ber. 51, 441 (1918); D.R.P. 307399.
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Benzanthrone Group.

It was formerly believed that the carbonyl group of anthraquinone

was not, generally speaking, very reactive, but more recent researches

have shown that under suitable conditions it can enter into reactions,

in particular such as lead to the formation of compounds of high

molecular weight by new ring formation. This reactivity has already

been noted in the Flavanthrone group just discussed ; and to it is

also due the formation of Coeramidine from a-alphylidoanthraquinone

on treatment with dehydrating agents.*

This field has been largely extended owing in particular to the

discovery of Benzanthrone by Oskar Bally in 1905.

f

On extending Skraup's quinoline synthesis to anthraquinone

itself, but without using an oxidizing agent, that is to say by heating

it with glycerine, sulphuric acid and aniline sulphate, J a new compound
is produced in the following manner by the formation of a fresh benzene

nucleus :

CH-OH
oh-ch{\;h2-oh

+

III -0

\Aco/\x

CH
/\
CHCH

\/^co\y \/^co\/
This new compound is termed Benzanthrone. As reduction takes

place during the course of the reaction, it is possible to replace anthra-

quinone by its reduction products, for instance anthranol, or still

better anthrahydroquinone (oxanthranol) :

C14H10O2 +CaH803
Anthrahydroquinone. Glycerine.

C17H10O -f4H^0.
Benzanthrone.

The production of Benzanthrone has also been noted even from
anthracene itself, which may be explained by the intermediate forma-

tion of Benzanthrene (the oxygen-free compound) and subsequent

oxidation.§

Further, Benzanthrone may also be obtained from phenyl -a

-

naphthylketone by heating with aluminium chloride,|| the new link

being formed in the peri position to the ketocarbonyl :

/CO\x\

* Zeitsch. f. Farben- und Textilchemie, I, 325.

t D.R.P. 176018 (B.A.S.F.) ; E.P. 16538/04.

§ Scholl and Bally, Ber., 44, 1660 (1911).

II
Scholl, Ann. Chem., 394, 143 (1912).

t Ber. 38, 194 (1906).
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Both these reactions may be extended also to certain substituted

derivatives, resulting in the formation of substituted Benzanthrones.

Recently derivatives of Benzanthrone have also been synthesized

by Schaarschmidt,* from l-phenylnaphthalene-2:3-dicarboxylic acid

(I), which on treatment with a suitable condensing agent such as cone,

sulphuric acid yields benzanthrone-carboxj^lic acid (II) :

COOH

HOOC

whilst the chloride of phenylnaphthalene carboxylic acid (III)

-COOH

HOOC-

(III)

on treatment with aluminium chloride gives benzanthrone itself.

f

Benzanthrone and its derivatives are only faintly-coloured com-
pounds without any dye character.

If now Benzanthrone be fused with potash, a condensation takes

place, leading to the fusion of two molecules to form the complex
substance Violanthrone J (dibenzanthrone) in accordance with the

following scheme :

O O

in which the dotted lines indicate where the new linkages are formed.

* Ber., 50, 294 (1917).

t A. Schaarschmidt and E. Korten, Ber., 51, 1074 (1918).

t R. Bohn, Chem. Ztg., 1908, 809. D.R.P. 185221 ; E.P. 22619/05.
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The following alternative method of formulating Violanthrone

indicates more clearly perhaps the relationship to Benzanthrone :

/\

\/"C0^\/ \/^co\y

That the course of the reaction is probably as shown is made
even more certain by a further synthesis from dibenzoyl-a-dinaphthyl.

On preparing the last-named compound from 1: 1'-dinaphthyl and
benzoyl chloride and then treating this with aluminium chloride

under certain conditions, Violanthrone is also produced *
:

\/\co/\/ \y^c&\y

The compound thus obtained is a vat colour which, in common with

Tsoviolanthrone, to be discussed shortly, and Pyranthrone, which

has already been dealt with, is free from nitrogen. It occurs in

commerce as Indanthrene Dark Blue BO, or BGO (B.A.S.F.), Caledon

Bark Blue B (Sol.). The vat is reddish -violet with a brown-red

fluorescence and, combined with Indanthrene Blue, this dye affords

absolutely fast dark blue and navy blue shades.

Amongst the derivatives of Violanthrone, Indanthrene Violet IIT

(B.A.S.F.) may be mentioned, which is a halogenated product, and

nitro-Violanthrone, which comes into commerce as Indanthrene

Green B {B.A.ii.F.), or Caledon Green B (Sol.), and yields shades

which become darker on treatment with chlorine.

f

On treating a particular chlorbenzanthrone with alcoholic potash,

halogen is removed, and a vat colour isomeric with Violanthrone is

produced, termed Isoviolanthrone,l which is likewise formed by the

linkage of two benzanthrone groups ; the following constitution may
presumably be assigned to it :

* E.P. 162711/11 (B.A.S.F.); D.R.P. 239671. Cf. SchoU and Leer, Ann., 394,

HI (1912).

t D.R.P. 185222, 22615 (B.A.S.F.) ; E.P. 1818/05, 12618/06.

t D.R.P. 194252; E.P. 7022/06, 20837/06 (B.A.S.F.).
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This substance is the commercial dye Indanthrene Violet R, or

Caledon Brilliant Purple R (Sol.), as also are its halogen substitution

Tproducts Indanthrene Violet 2R and B extra (B.A.S.F.), or Caledon
Brilliant Purple RR and B extra (Sol.), which are produced by the

action of sulphury 1 chloride in nitrobenzene solution. These colours

dye extraordinarily fast violet shades from a violet and a blue vat

respectively.

A somewhat analogous vat dj^e to Isoviolanthrone has been prepared

by L. Kalb from 1: r-dinaphthyl-2:2'-, or -8:8'-dicarboxylic acid:

\/\/\COOH

HOOC\/\/\

\/\x
HOOC

COOH

It has been named by its discoverer " Anthanthrone,'' and dj'es

cotton orange-yellow shades from a red vat,*

The Violanthrone- or Isoviolanthrone-melt cannot be extended

to the hydroxy-, nitro-, or amino-benzanthrones, as they do not yield

dyes by this process. Benzanthronequinoline, however, can be

submitted to the action of a potash- melt.

These benzanthronequinolines are produced by treating amino-

anthraquinones with glycerine and sulphuric acid, quinolization and

benzanthrone formation taking place simultaneously.

f

Benzanthronequinolines can thus be obtained from j8-amino-

anthraquinone, several isomeric forms of which could be produced

according to the relative positions of the benzanthrone and quinoline

rings. Assuming that the chief product of the reaction is a benzan-

thronequinoline of the following constitution :

CH-OH
HOCH2 CH2-OH

—=>

HOCH2 CH2OH

CHOH
* D.R.P. 280787, 287250; Ber., 47, 1724 (1914).

t Ber. 38, 194 (1905); 44, 1656 (1911); D.R.P. 171939; E.P. 16538/04.
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the complex Cyananthrone, which is formed from this by the potash

fusion,* may have a structure resembling that of Violanthrone or Iso-

violanthrone, but containing attached pyridine nuclei in addition.

The dye prepared in this manner comes into the market as Indanthrene

Dark Blue BT (B.A.S.F.), and is used particularly in combination with

Indanthrene Blue in vat dyeing for the production of dark blue shades.

The above products include all the more important commercial
dyes of this group, varying in shade from reddish- to bluish-violet.

Further dyes of this class have, however, also been synthesized
;

thus, for instance, N-dihydrobenzanthroneazines f are obtained

from aminobenzanthrone or its quinoline derivative, with the aid of

copper salts, and occupy an intermediate position between the indan-

throne and benzanthrone colours, yielding yellow to brown or brownish-

red shades from a vat.

On condensing 1-aminoanthraquinone with halogen-benzanthrone

by means of alkaline reagents and copper salts in the usual way, an
imide derivative is first formed which, on treatment with aqueous

potash is presumably transformed into a nitrogenated product of the

Violanthrone type, which dyes cotton green shades from a vat. J

A pure greenish-blue vat colour to which the following formula

has been ascribed :

/Vs.

\/"co^\y

c=c

.s-

VWx/
is formed by acting upon methylbenzanthrone with sulphur.§

The production of benzanthrone from anthraquinone is accompanied

by a reduction process, and, as already mentioned, the preparation

may also be effected starting from the reduced products anthranol or

oxanthranol. In a similar way substituted benzanthrones may be

prepared from substituted anthranols. These products may, for

instance, be obtained by synthesizing benzoylbenzoic acids in the

usual way by the Friedel-Crafts method, reducing to benzylbenzoic

acids :

R.CO.C6H4.COOH4-2H2 = R.CH2.C6H4.COOH+H2O

which are then converted into anthranol derivatives by closing the

ring :

/CH2\
R.CH2.C6H4.COOH -H2O - R^ ;C6H4

\co/

The ring closing may be carried out by means of concentrated

* D.R.P. 172G09 (B.A.S.F.) ; E.P. 3819/05.

t D.R.P. 198507 ; E.P. 10770/07.

X D.R.P. 212471 ; E.P. 24604/08.

§ D.R.P. 254098 (I).



VAT DYES 461

sulphuric acid, and the benzanthrone formation may also be effected

simultaneously, the resultant product differing, however, from that

obtained by the use of the corresponding anthraquinone derivative

as the starting-point.*

A chlorbenzanthrone prepared in this manner when fused with

potash yields a violet dye which appears to differ from the vat colours

already studied, its dyeings becoming bluer upon soapingf [Cibanone
Cyanine (I.)] The product does not, however, seem to be prepared

technically.

The corresponding 2-methylbenzanthrone, prepared from a methyl-

benzylbenzoic acid according to this process, is converted into a

sulphuretted vat colour of unknown constitution on submitting it

to the action of a sulphur melt.J ;

A yellow vat colour possibly to be included in this class is formed
by fusing pyrazoleanthrone :

N— NH
II I

;'

/v c \x\

with caustic alkali {Pyrazoleanthrone Yellow). On heating the mono-
benzyl derivative of the latter dye with concentrated sulphuric acid

a new colouring matter is obtained which dyes cotton fast golden-

orange shades from a blue-green vat.§

A very beautiful green vat dye also belonging here has been

obtained by M. Kardos by heating the imide of 1 : 9-anthracenedicarb-

oxylic acid (I) with potash. It is termed by Kardos Aceanthrene

Green, and is assumed by him to have the following structure (II)|| :

NH
/\
CO CO

I I

X\,CO,/\

(I)

Imide of anthracene- 1 : 9-di-

carboxylic acid.

^C0^\/
(11)

Aceanthrene Green (Kardos).

According to Friedlander, however,H it has more probably the

following structure, analogous to that of dibenzanthrone :

* Fr. P. 407593 ; E.P. 133/10. ,

t Fdrber Ztg. (Lehne), 1911, 341. J Fr. P. 403026.

§ D.R.P. 301554, 302259, 302260; E.P. 14103/15 (Gr. Elek.).

II
M. Kardos, Ber. 45, 2089 (1912). D.R.P. 280092, 280839, 282711, 275220,

284210, 278GC0, 286096; E.P. 12584/13, 1425/14, etc. (B.A.S.F.).

^ Friedlander, Fortschritte in der Teerfarbenfabrikation, XII, p. 392,
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/V^

I

CO
/\

(I)

Dibenzanthrone
(Violanthrone).

NH
/\
CO CO

/\/\

CO CO
\/
NH

(11)

Aceanthrene Green
(Friedldnder).

(Ill)

It dyes very fine emerald green shades from a cherry-red vat.

The corresponding N-methyl derivatives afford bluish-green dyeings.

Violet to reddish dyes of analogous structure have also been pre-

pared from the imides of 1 : 8-naphthalenedicarboxylic acid in a similar

manner.*
According to Friedlander their structures can be best represented

by formula III above.

As regards the nomenclature of these complicated substances of

high molecular weight, reference may be made to the suggestions of

R. Scholl.t

The various positions are numbered in accordance with the following

scheme :

/\

1 : 9-Benzanthrone.

3 : 4-Pyridino-l : 9-benzanthrone.

On this scheme, therefore, the benzanthrone prepared as described

from anthraquinone is to be designated 1 : 9-benzanthrone, and the

P,R,P. .276367, 276956, 286098, etc. t Ber., 44, 1662 (1912).
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benzanthronequinoline from 2-aminoanthraquinone is 3 : 4-pyridino-

1 : 9-benzanthrone.

The numbering is the same as for anthraquinone or anthracene,

the additional nuclei attached to the anthracene nucleus (" grafted

nuclei ") being regarded as substituents.

To indicate the position of the substituents in the grafted nuclei,

each of these latter have their own system of numbering, beginning

with the end attached to the anthracene carbon atom, having the

lowest number. In front of this number is placed in addition

the contraction indicating the character of the grafted nucleus

(Bz=benzene, Py=pyridine, etc.), for example :

For convenience the positions in the pyridine nucleus are indicated in

the usual way by a, j3 and y.

In the cases of Pyranthrone and Violanthrone the following system
of numbering is adopted :

but at the same time in the case of such complex derivatives it is

nearly always preferable to give their structural formulae in order

to avoid any possible ambiguity.

Anthraquinoneimides or Anthrimides * {Gyclanthrones).

The anthraquinoneimides or anthrimides form a very numerous

* Strictly speaking, the term Anthraquinoneimide is incorrect, as these com-
pounds are really secondary amines of the type (Anq)2NH (where Anq= Anthra-
quinone or its substitution products), and it is therefore more in accordance with
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group, as Ullmann's reaction,* which consists in allowing halogen-

anthraquinones and aminoanthraquinones to interact, allows of the

production of a large number of such compounds. The simplest

anthrimides are formed by condensing aminoanthraquinones with

halogen-anthraquinones in the presence of alkaline agents (e.g.

sodium acetate, potassium carbonate, etc.), and copper salts or

copper powder in an indifferent solvent, such as nitrobenzene or

naphthalene. For instance, by heating together a-aminoanthra-

quinone and j8-chloranthraquinone in a neutral solvent, with the

addition of the above condensing agents, a:j8'-dianthraquinonylamine

is formed in accordance with the following equation :

H
/VCO\/\N;h:

x/^co^v/ XX^co
H

=- HC1 + \/^co/\/
X/^coAy

It may also be prepared by heating a-nitroanthraquinone with

jS-aminoanthraquinone in presence of potassium carbonate, owing to the

mobile character of the a-N02 group.f j8:jS'-Dianthraquinoneimide

is also formed on heating j8-aminoanthraquinone with anthraquinone
j3-sulphonic acid in the presence of alkali carbonates.

Of the dianthrimides only the a:jS-dianthraquinonylamine men-
tioned above is of importance as Algol Orange R (By.) ; it dyes cotton

orange shades from a red vat. Generally speaking, however, it is

necessary to have three anthraquinone nuclei united together by
—NH— groups (tri-anthrimides) in order to obtain vat dyes. From
1 mol. of 1 : 5-diaminoanthroquinone and 2 mols. j8-chloranthraquinone

a tri-anthrimide of the following constitution is obtained :

/\/C0

H
/VCOxX\ \/\.co\y\

\/^co^\/\^\y^co^\/
H

coAx

which may be designated di-^-anthraquinonyl-1 : 5-diaminoanthra-

quinone.J

accurate scientific nomenclature to refer to them as di-, tri-, etc., anthraquinone-

amines, or anthraquinonylamines, but in view of the fact that the term anthra-
quinoneimide is now in general use it has been retained here.—F.A.M.

* D.R.P. 174099. t D.R.P. 201327.

t D.R.P. 184905, 206717 (B.A.S.F.) ; E.P. 7418/08.
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Similar trianthrimides are produced from 2:6- or 2:7-dichloran-

thraquinone and 2 mols. a-aminoanthraquinone, or from 2:6- or

2:7-diaminoanthraquinone and 2 mols. a-chloranthraquinone. These

products are sold as Indanthrene Red R and G, and Indanthrene

Bordeaux B (B.A.S.F.), and dye cotton from a vat in fast but rather

dull red shades.*

More violet shades may be obtained by introducing alkoxy or

hydroxy groups, as in Algol Bordeaux ZB (By.), which is obtained from

1 mol. 2 : 7-dichloranthraquinone and 2 mols. 1 : 4-aminomethoxyan-

thraquinone,"j" or the dye which is obtained by condensing 1-hydroxy-

3-bromanthraquinone with l:4-diaminoanthraquinone.

Further, in the case of the nitro- or halogen-anthrimides the alkoxy

groups may be introduced by treatment with alcoholic potash, the

shade being correspondingly deepened towards violet.,

Anthrapyridone derivatives may also be used for the production

of vat colours ; thus 4-brom-l-methylanthrapyridone may be obtained

readily from l-acetylmethylamino-4-bromanthraquinone by closing

the ring J (see p. 290).

If this be condensed in the usual way with jS-aminoanthraquinone,

a vat dye of the following constitution is formed :

HC NCH3
II i

H

which was the first red vat dye of the anthraquinone series to be
discovered (Thomaschewski) and came into commerce as Algol
Red B (By.).§

A similar colouring matter dyeing rather more violet shades, which
differs only in the absence of the methyl group from the nitrogen,

is obtained from l-amino-4-j8-anthrimidoanthraquinone and urea.||

In a similar manner red dyes may be obtained by condensing

4-amino-2-methylanthrapyridone with 2-halogen-, or 2:6-, or 2:7-di-

halogenanthraquinones

.

For the most part dyes obtained from the components mentioned-
above yield shades varying from orange-red to bordeaux. A violet

vat dye is formed from ^-dichlorbenzene and a-aminoanthraquinone. If

Red vat dyes are formed from dichlorbenzophenone, dichloraceto-

phenone, or dichlorbenzil and a-aminoanthraquinone, whilst brown-

* D.R.P. 198644, 206717, 218162 (B.A.S.F.) ; E.P. 10324/06, 4235/07, 7418/08,

etc.

t D.R.P. 162824, SI6668 (By.) ; E.P. 4235/07, 9219/09.

t D.R.P. 242204, 216597 (By.) ; E.P. 28765/06.

§ D.R.P. 194253 (By.); E.P. 28765/06, 13686/07.

II
U.S. P. 928891 , E.P. 5998/09 ; D.R.P. 220314.

if Laube and Konig,^er., 40, 3562 (1907); 41, 3874 (1908); D.R.P. 176069,

215924; E.P. 352/06.
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red to bordeaux-red dyes may be obtained in a similar manner from
diphenylhalogen derivatives or their analogues or homologues and
aminoanthraquinones.* Similar dyes may also be obtained by con-

densing dibromdiphenyl sulphide (from thioaniline) or dibromsulpho-

benzide and aminoanthraquinone.

Yet more complicated structures which contain four anthraquinone
nuclei (tetranthrimides) may also be produced by condensing dihalogen-

dianthraquinonyl compounds with 2 mols. aminoanthraquinone, or

diaminodianthraquinonyl compounds with 2 mols. chloranthra-

quinone.f

Again, certain of the anthraquinoneimides can be made to undergo

further transformations in various ways : for instance, by treating

the dye mentioned above obtained from 2^-dichlorbenzophenone and
2 mols. a-aminoanthraquinone with dehj^drating agents, the red vat-

dye is converted into a derivative of the Coeramidines, previously

described, by the introduction of two additional linkages :

/\__C0—/\

HN/\/
O

/0.x\

V^co^X/

O

VW\/

/x

N^\y.

CO .x\

\/^-N

2H2O ->

/\/<^\/\ /X/«\/\

\/^co'\/ W^c(r\y
According to the nature of the parent material used, whether

ketone, diketone, diarylsulphone or diarylmethane, red, brownish-

red or brownish-violet shades are obtained.

The numerous colouring matters obtained from the above com-

ponents, however, are not found in commerce.

ACYLAMINOANTHRAQUINONES.

From the theoretical standpoint, the acylaminoanthraquinone

group is especially interesting, and it also possesses great importance

from the practical point of view, as the preparation of these compounds
is a relatively simple technical operation. For these reasons a very

considerable number of such compounds have been prepared by the

introduction of acyl groups into amino-, aminohydroxy-, diamino-

and diaminohydroxy-anthraquinones ; one patent, for instance, describ-

ing more than forty such compounds.

J

The benzoyl group in particular possesses the power of forming

vat dyes and it suffices in most cases to heat the components (amino-

anthraquinone derivative and benzoyl chloride) in a suitable solvent

* D.R.P. 230409 ; E.P. 12142/10.

t D.R.P. 230052.

t D.R.P. 225232 (By.); E.P. 2702/09; cf. also D.R.P. 227104, 227398, 228992

(B.A.S.F.); and E.P. 15848/09. For acylated aminoanthroquinones, cf. Ch. Seer

and R. Weitzenbock, Monatshejte, 1910, 371.
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= Dibenzo3^1-l : 5-diamino-8-hydroxy-

anthraquinone

.

such as nitrobenzene or pyridine, in order to effect the formation of

the corresponding benzoyl derivative. The following commercial

dyes are prepared by this method (Fr. Bayer & Co.) :

Leucol Yellow G=Benzoyl-a-aminoanthraquinone.

Algol Yellow i?^Dibenzoyl-l:5-diaminoanthraquinone.

Algol Pink 12=Benzoyl-4-amino-l-liydrox5^anthraquinone.

Algol Scarlet (T=Benzoyl-4-amino-l-methoxyanthraquinone.

Algol Red 5(T=Dibenzoyl-l:4-diaminoanthraquinone.

Algol Red R extra "i

Algol Brilliant Red 2R
Algol Red FF
A Igol Blue R

^„\= Dibenzoyldiaminoanthrarufin.
Algol Brilliant T lolet 2BJ -^

Algol Brilliant Orange F22=Tribenzoyl-l:2:4-triaminoanthra-

qninone, etc.

The dibenzoyl-l:5-diamino-8-hydroxyanthraquinone may either be

prepared by benzoylation of the corresponding l:5-diamino-8-hydroxy-

anthraquinone or by oxidizing dibenzoyl-1 :5-diaminoanthraquinone

at a moderate temperature by means of fuming sulphuric acid,

preferably with the addition of suitable oxidizing agents, the

hydroxy group entering into position 8 or 4.* In this way Algol

Brilliant Red 2R is formed from Algol Yellow R. By the introduction

of a further hydroxy group a blue-violet dy€, Algol Brilliant Violet

2B (By.), is formed which has the composition of a dibenzoyldiamino-

anthrarufin.

The following relationships between constitution and colour may
therefore be noted (cf. also pp. 255-7, 284-7) :

NH . COCcHe

/VCO
NH . COC0H5

/\/C0\/\

Yellow.

xAcoAy
CcHsCO-HN

Yellow-orange

NH . COCeHs OH NH . COCeHs

/VCO\/\

\Aco/\x
C6H5CO . HN OH

Rod.

v^coA/
C6H5CO . HN OH

Blue-violet.

which may be extended more or less indefinitely.

All these benzoyl compounds may be readily hydrolysed by heating

on the water-bath with 90 per cent, sulphuric acid. On pouring into

* D.R.P. 213500, 238488 (By.); E.P. 5786/09, 4508/11.
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water the hydrolysed product is precipitated, whilst the benzoic acid

remains partly in solution. The presence of the benzoyl groups
renders the dyes somewhat sensitive to alkalis, and for this reason it

is necessary to avoid too high a temperature during the preparation

of the vat and the subsequent dyeing operations in order to avoid

partial hydrolysis.

In certain cases the formation of the acyl derivatives is carried out

preferably in the presence of a condensing agent, such as phosphorus
trichloride, particularly when acidS are used which do not react very
readily.

If a dibasic acid be used for the acylation, an amido acid is first

formed by the interaction, for instance, of equal molecules of a-amino-
anthraquinone and the acid,* which can then be caused to react with
a second molecule of the same or of a different amino compound. Or
one molecule of the dibasic carboxylic acid may be condensed directly

with two molecules of aminoanthraquinone ; thus, for instance, succinyl-

a-aminoanthraquinone is formed from succinic acid and a -aminoanthra-
quinone

"f
;

NH—CO—CH2-CH2-CO-NH
/Vco\/\ /VCO\/\

x/^coAx \y^co^\y

which comes into commerce as Algol Yellow 3G (By.) and yields some-

what greenish- j^ellow shades on cotton. In a similar way Algol

Brilliant Violet R (B3^) is obtained from succinic acid and diamino-

anthrarufin.

Other dibasic acids may also be used, such as adipic, maleic, sebacic,

diglycollic, phthalic acid, etc. Probably, also, we must include in

this group those yellow, orange and violet vat colours which are formed
from amino-, diamino-, triamino-, etc., anthraquinones and cinnamic

acid or phenylpropionic acid.f

Certain of these dyes can also be applied to animal fibres such as

wool and silk,§ but for the most part their use is limited to the dyeing

of cotton goods. Further, the acylation process may also be extended

to the amino derivatives of the anthrimides,|| by which means mixed
compounds are formed which may be classed equally with the acyl-

aminoanthraquinones and the anthrimides.

The variety of combinations is not, however, greatly increased

by so doing. For instance, orange to violet vat dyes may be obtained

from halogen-anthraquinones and benzoylamino-aminoanthraquinone-

or from aminoanthraquinones and halogenated benzoylaminoanthra,

quinones.^ Or again the dianthraquinonylamines or the trian-

thrimides may be converted into diamino products, by nitration and

subsequent reduction, which are then benzoylated.

* D.R.P. 223510 (By.). f T).K.P. 210019, 212436 (By.); E.P. 27098/08.

J Fr. P. 418937 (1.) ; E.P. 3055/09.

§ D.R.P. 226940 (By.) ; E.P. 3055/09.

II
D.R.P. 228992 (By.) ; E.P. 15848/09. If D.R.P. 220581 (By.).
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Then the benzoyl derivatives of the anthrimides can be made to

undergo further changes ; for instance, l-benzoylamino-4-chloranthra-

quinone reacts with monobenzoyl-l:4-diaminoanthraquinone to yield

dibenzoyl-^:p'-diamino-a:a'-dianthraquinoneimide * :

NH . COCeHs

\/^coA^ NH

NH . COCeHs

\y\io^\y

which on treatment with chlorsulphonic acid at a low temperature*

yields an olive-grey dye, Algol Olive R {By.).'f

This group also includes urea derivatives, of which the most im-

portant is possibly the 2:2'-dianthraquinonylurea J :

/\/C

V^o
—NH-CO-NH- C0\/\

v^coAy
which is sold asHelindone Yellow SGN (M.L.B.), and which dyes cotton

brilliant yellow shades from an orange-brown vat. It maj'' also be

prepared from the urea derivative of 3-aminobenzoyl-o-benzoic acid

by closing the ring by means of condensing agents. § Mixed urea

derivatives have also been prepared which also jjossess the properties

of vat dyes, so long as they contain at least one j8-anthraquinonyl

residue
; ||

e.g. Helindone Orange GRN, Helindone Brown 3GN
(M.L.B.).

They may be obtained from the anthraquinonylurea chloride by

the action of aminoanthraquinone or of arylamines. jS-Anthraquinonyl-

urea chloride :

/V^'^VN—NH-COCl

\y\co/\/

itself is obtained by the action of phosgene upon j3-aminoanthraquinone

under certain conditions. If

In general, compounds of the type A—NH—CO—NH—R (where

A is an anthraquinone radicle, and R is a similar or different radicle)

may be obtained from j3-anthraquinonylurea chlorides or from the

j3-anthraquinonylurethanes by the action of aromatic amines belonging

to the anthraquinone or the benzene series. All these compounds

are yellow* or brownish-yellow dyes. Further, mixed compounds

* D.R.P. 220581 (By.) ; E.P. 29138/09. f E.P. 15753/12.

I D.R.P. 232739 (M.L.B.) ; E.P. 1807/10.

§ D.R.P. 281010, 282920; E.P. 8917/U.

II
D.R.P. 236375, 238550/51, 231853, 236981/83, 236978/80 (M.L.B.) ; E.P.

12129/10, 1807/10, 9841/09.

TI D.R.P. 241822 (M.L.B.) ; E.P. 11804/10.
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niiiy also be obtained from anthraquinonjdurea chloride and amino-
acridines, aminothiazoles or phenols.*

Anthraquinone-acridones.

The simplest anthraquinone-acridone is formed by the condensa-

tion of a-chloranthraquinone with anthranilic acid to phenylamino-
anthraquinone-carboxylic acid, by means of alkaline reagents in the

presence of copper salts :

/v w^n /T-Cl HN.C6H4COOH /. ,^^ /-—NH . C6H4COOH/\^^\^\
I r T ^ +HC1

+H
\/\)o^\y \/\co/\/

On treating the condensation product with dehj'^drating agents such

as sulphuric acid or chlorsulphonic acid, etc., closing of the ring takes

place, with formation of anthraquinone-2: 1-acridone :

/NH\
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CeH
.CO-

N NH /

/ NH
/\/CO\/\...co/^'^'

co^^vy

It is a violet vat colour which comes into commerce as Indanthrene

Violet RN (B.A.S.F.), or Caledon Violet RN (Sol.).

An anthraquinone-naphthacridone, which is a red dye, may be

obtained from l-halogen-anthraquinone-2-carboxylic acid and j8-naph-

thylamine, with subsequent condensation by means of sulphuryl

chloride or phosphorus pentachloride* :

/NH-

/V^^V^VCOOH

HN
CIH

/\/CO\/X_COOH

co/\/

—

^

\y^co^\y

(cf. Indanthrene Red BN).
Halogen derivatives may be obtained, according to the methods

already described above, by the use of the corresponding anthranilic

acids, where it is desired to prepare certain definite compounds, or

by direct halogenation ; or they may also be prepared' by condensing

1-chloranthraquinone-carboxylic acid, for instance, with aniline or

halogen-anilines to the chloranilidoanthraquinone-2-carboxylic acid

and then effecting the ring fusion by the removal of water. "{

Examples of commercial dyes belonging to these acridones are,

for example : Indanthrene Red BN (B.A.S.F.), which is an anthra-

quinonenaphthacridone, and Indanthrene Violet RN and RRN
(B.A.S.F.), which yield shades that are not reddened by water, in which

respect they compare favourably with the violet dyes of the Violan-

throne and Isoviolanthrone series.

a- and ^-Chloranthraquinones condense with thiosalicylic acid

to give the corresponding anthraquinonylthiosalicylic acids which,

on dehydration, are transformed into the corresponding anthraquinone-

thioxanthones, which are vat dyes {v.i., p. 473).

* U.S. P. 1001068 (B.A.S.F.).

t D.R.P. 237236 (B.A.S.F.) ; E.P. 894/11.
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Lastly, salicylic acid itself can also be made to react in a similar

manner, so that compounds of the following general formulae jnay be

prepared :

R
/\
X CO

/COv /Xv /C0\\/
CcH/ )C6H2( )R ; CeHZ ) Ce ;

\co/ \co/ \C0///\
X CO

R

\co/ \co/ \co/
etc., in which X=:0, S, or NH.

Derivatives of the type

/COv /NHx
CeHZ )C6H2( )C6H4

\co/ \ /
have a structure similar to that of the acridones, and have already

been discussed in connection with the oxazines of the anthraquinone

series ; they appear to be without any value as vat colours, but yield

acid dyes on sulphonation.

Mixed derivatives can also be prepared by condensing monobrom-
anthraquinone-acridone with aminoanthraquinone.* The substance

so obtained dyes cotton in brown shades from a violet vat.

Similar colouring matters are also obtained by allowing brom-

anthraquinonyl-a-anthranilic acid (obtained by brominating anthra-

quinonyl-a-anthranilic acid) to react with an aminoanthraquinone,

followed by condensation of the product to form the corresponding

anthraquinonylaminoanthraquinoneacridone. Or again, it is possible

to obtain a series of mixed compounds by applying to 4-aminoanthra-

quinoneacridone (which is itself a blue vat dye D those amino-group

reactions which we have already studied in the case of the anthra-

quinoneimides and acylaminoanthraquinones. Further, a red vat dye

may be obtained by condensing l-amino-5:6-anthraquinonexanthone

with a-chloranthraquinone.

The analogous a-anthr'aquinonyl-4-aminoanthraquinone-l : 2-acri-

done, obtained from 4-aminoanthraquinone-l:2-acridone and 1-chlor-

anthraquinone, yields an olive-brown vat colour on fusing with potash.

Anthracridones are also known, such as that possessing the following

formula :

/NwCOy^/CHs
*

. \/\co
E.P. 404/11, 16809/11. t U.S.P. 998772.
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which is obtained from 3-amino-4-methyl(chIor)diphenylketone-

2'-carboxyUc acid and l-chloranthraquinone-2-carboxylic acid.

Sulphuretted Anthbaquinone Vat Dyes.

A considerable number of vat dyes of the anthraquinone series

containing sulphur may be prepared synthetically so that their con-

stitution can be fairly readily established.

Some of these have already been described in previous sections,

such as the various anthraquinonyl-thioxanthones which may be

obtained by condensing a- or jS-chloranthraquinone or their derivatives

with thiosalicylic acid to form the corresponding anthraquinonyl-

thiosalicylic acids followed by ring fusion, e.g. :

/X/CO\/vco/CsH,

This thioxanthone dyes cotton orange shades. Further, dithioxan-

thones may be obtained from the dihalogen compounds of anthra-

quinone, and the products prepared in this manner may then be further

halogenated according to known methods.*

The product obtained from 2-chloranthraquinone-3-carboxylic

acid by condensation with thiophenol and subsequent closing of the

ring by means of concentrated sulphuric acid is possibly a 2 : 3-thio-

xanthone'j' :

/CO\/\/S—CeHs

CQ/XACOOH

COx/\/ s
.^
.CeHi

V^co^xAco
it dyes greenish-yellow shades from a brown-yellow vat.

1 : 4-Chloraminoanthraquinone and thiosalicylic acid, on condensa-

tion and subsequent closing of the ring in the usual manner, form
4-aminoanthraquinone-l:2-thioxanthone, in which a reactive NH2
group is present, which can yield either anthraquinoneimides or acyl

derivatives. J Thus the compound may be condensed with halogen-

anthraquinone, or conversely a halogen-anthraquinonethioxanthone

may be caused to react in the usual way with aminoanthraquinones.§

A yellow anthraquinone vat dye which is a thiazole derivative

of the following structure :

/— S\

\Ac(K\/

CO\X\

coA/
* D.R.P. 216480 ; Fr. P. 402741, etc. f Fr. P. 427189.

X Fr. P. 425742; E.P. 4065/11; D.R.P. 243587.

§ D.R.P. 242386; E.P. 20453/11.
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may be obtained either by the action of sulphur upon l-chlor-2-

acetaminoanthraquinone,* or by the action of oxalyl chloride upon
l-mercapto-2-aminoanthraquinone f (cf. analogous thioindigo com-
pound, p. 439).

On submitting the benzyl or benzylidine compounds of the mono-
aminoanthraquinones or of the 2:6- and 2:7-diaminoanthraquinones
to the action of a sulphur-melt, yellow vat colours are obtained which
are in all probability thiazole derivatives J :

/\/CO\/\_j^^CH—CeHs

CeHs—CH=N-\/\C0^U

^CO\/(_n)^~"^'-^'

+4S

-f2H2S

\ s /

Vat dyes are also obtained from l-acylamino-2-thioglycollic acids

derived from anthraquinone on closing the ring, according to the

following equation § :

/C0\ /NH—

R

/C0\ /NR-CO
C6H< )C6H2( = CeH/ )C6H2( t +H2O

\C0/ \S—CH2COOH \C0/ \S — CH2

Thioureas are obtainable by known methods
||
such as by the action

of thiocarbonyl chloride upon a- or ^-aminoanthraquinone.^ By
the action of acetylene-, or alkylene-halides, in the presence of basic

substances, upon these thioureas, new products are formed which
are possibly thiazolines.** Possibly, also, the vat colour obtained

by the action of perchlormethylmercaptan upon j8-aminoanthra-

quinone ff should be included in this group ; it dyes cotton in orange

shades from a brown-red vat.

Again, in this section, presumably, should be included those yellow-

er bluish-red vat dyes which are obtained by condensing anthraquinone-

mercaptans and their derivatives (e.g. thiocyanates, xanthogenates,

etc.) with hydroxyanthraquinones or their derivatives in presence of

cone, sulphuric acid,J| being related to a mother substance probably

of the following formula :

* D.R.P. 280882. f D.R.P. 280883.

t D.R.P. 232711, 232712 (Akt.) ; E.P. 12828/10.

§ D.R.P. 232076.

II
D.R.P. 219111; E.P. 11473/10, 14499/11.

1[ D.R.P. 232791, 232792; E.P. 14499/11.
** D.R.P. 232793; E.P. 28723/11.

tt E.P. 11473/10.

it E.P. 28781/10 ; D.R.P. 235094.
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V^co"
\o-/\/C0\/\

\/\coA,/
and also the condensation products of anthraquinone-mercaptans

with chlor-acylated-aminoanthraquinones * containing probably the

group :

A-S—CH2—CO—NH—

A

where A is an anthraquinone group.

The following compounds have also been obtained :

XVCO\/\

V^coAy-S \

H

CO\X\

co/\/~^X po /\

the former being obtained from the alkali salt of anthraquinone-l:2-

dimercaptan and 1 : 2-dichloranthraquinone in nitrobenzene solution

as a brick-red vat-colour, whilst the latter compound containing nitrogen

is formed from the alkali salt of 2-aniinoanthraquinone-l-mercaptan

and 1 : 2-dichIoranthraquinone ; it affords violet-blue shades on cotton.

Derivatives of dianthraquinonehydrothia.zine are also probably

formed by condensing o-aminoanthraquinonemercaptans with halogen-

anthraquinones or o-halogen-aminoanthraquinones with anthraquinone-

mercaptans and subsequent oxidation, in accordance with the following

scheme :

/NH2 Hal.v
A( -\- )A'

/ NH \A( )A'
\shh/

/NH\
A( )A'

in which A and A' are anthraquinone groups, with the proviso that

in A' the ortho position to the halogen (Hal.) must be free.

It does not appear, however, that any of the products described

above have ever appeared on the market.

Miscellaneous Anthraquinone Vat Dyes.

There exists quite a number of vat dyes belonging to the anthra-

quinone series which cannot easily be arranged in the preceding groups
;

they will therefore be considered shortly in this section.

Mixed derivatives belonging to the indigoid and anthraquinone

classes are formed by condensing halogenated anthraquinones with

isatin or its halogen derivatives. a-Chloranthraquinone, for instance,

condenses with isatin to form a vat colour,f whilst the corresponding

* Fr. P. 400186. j- D.R.P. 236407 (By.).
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4-methylamino derivative dyes cotton greenish-blue shades from a
brown vat.

It has already been pointed out that phenanthroanthraquinone,
which may be synthesized from phenanthrene and phthalic acid

by means of aluminium chloride with subsequent ring fusion,* is a
weak yellow vat colour, but it is without any technical value.

Phenanthridone, obtainable from l:5-dichlor-2:6-dibenzoyldiamino-

anthraquinone, is a yellow vat dye f :

coAx

NH

Phenanthridone

.

Phenanthroanthraquinone.

Yellow vat colours may be obtained by condensing a-amino-
anthraquinone with 2:3-naphthol-carboxylic acid (m.p. 126°) or with
2-anthraquinone-carboxylic acid,J and by condensing l-chlor-4-methyl-

anthraquinone with the amide of anthraquinone-^-carboxylic acid.§

Dyes affording light yellow to orange-brown shades are obtained

in a similar manner from diamines of the benzene or naphthalene
series and 2 mols. halogen derivatives of anthraquinone-j8-carboxylic

acid.
II

An orange-yellow vat dye is also formed on condensing 2-amino-

anthraquinone with formaldehyde in the presence of mineral acid.^

Further, aminoanthraquinones react readily with halogen compounds
of the general formula :

Hal. -R-NH—CO- (CHo)„—CO—NH—R—Hal.

(where Hal.= halogen, R= substituted or unsubstituted arylene radicle,

N=0, 1, 2, 3). For example, piyZ-dibroraoxanilide gives a red vat

dye with 1-aminoanthraquinone.

These compounds might also be included in the previous classes

of the anthraquinoneimides or acylaminoanthraquinones.

Anthraquinone - aldehydes or co-dihalogen - methylanthraquinones

will condense with anthraquinonehydrazines, producing monohydra-

* D.R.P. 194328.

t U.S.P. 935878, 938827.

II
D.R.P. 215182 (B.A.S.F.).

t U.S.P. 1001408/11.

§ Fr. P. 418201.

If D.R.P. 287907.
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zones, or dihydrazones, in the cases of 1:5- and 2 : 6-anthraquinone-

dihydrazines. Generally sj)eaking, their colour varies from yellowish-

red to violet-red.

Presumably the dianthraquinonyl-dialdehydes, obtainable from
the halogen-aldehydes by the action of copper, can also be used for

this purpose. Similarly vat dyes are obtainable by condensing anthra-

quinone-aldehydes with urea or thiourea.

Those anthracridones (p. 470) in which the carbonyl of the acridone

ring is in the y-position with respect to one of the anthraquinone carb-

onyls react with hydrazine (NH2— NH2) to form new derivatives which

are also vat dyes.

Vat colours which are amidines are obtainable by condensing amino-

anthraquinones with carbon tetrachloride in naphthalene, in the

presence of copper.

Oxidation of the azo dye obtained from j8-diazoanthraquinone

and j8-naphthylamine leads to the formation of an a-j8-naphthylene-

_2)5eM(io-azimido-^-anthraquinonyl possessing the structure :

which is a vat colour dyeing cotton yellow shades.

We may include in this group the yellow vat dye which is obtained

from phthalic anhydride and N-ethylcarbazole in presence of aluminium
chloride, and which has the formula :

/\/C0\/\ /vcO\/\

C2H5

It is placed on the market as Hydron Yellow G (C.).*

The unalkylated product is of no value as a dye, but the isomeric

product obtained from 1: 1'-dianthrimide :

NH\

\/\coAy xAcoA^ \/\co/\/ Xy^co^x
by the action of AICI3, is an extremely fast yellow vat colour. "j"

By the action of fused alkalis upon l-chlor-2-hydroxyanthraquinone

a dianthraquinonyl dioxide is formed :

* Rev. Oen. Mat. Col., 1913, 122. D.R.P. 261495; E.P. 28874/11; Fr. P.

449194.

t D.R.P. 251021, 267833.
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/ycox/x

HO/

CI
I

\y\)^o^\x
ci

/\/C(K/\/OH

\/\co/\/

/\/COx/%

o
I

/X/CO\/\/

\/\co\x

which comes into commerce as Erweco Yellow.*

This is of some interest as showing once more the relative influences

of oxygen, sulphur and the NH group on the colour of a dye, thus :

/0\
Anq/^^pAnq

Yellow.

Arxq(^ ^Anq

Brick-red. t

/NHv
Anq( /Ann

\nh/
Blue.

/Ov
Anq(^ pAnq

Yellowish-red.

\,

Reddish-blue, t

Anthraquinone Vat Dyes of Unknown Constitution.

A large number of vat dyes, yielding chiefly grey, olive and brown
shades, are produced by means of reactions the nature of which is

either unknown or is not sufficiently elucidated to enable us to assign

definite constitutional formulse to the products. In many cases it

is probable that we have to deal with condensed nuclei ; but it is also

by no means impossible that the reaction may follow more than one

course, so that different products may be formed according to the

manner in which the reaction is carried out.

Thus, by the action of acid chlorides upon acetaminoanthraquinones,

either Indanthrene Orange RT or Indanthrene Copper R (B.A.S.F.)

are formed, which are possibly anthrapyridone derivatives.

f

Indanthrene Maroon (B.A.S.F.) is prepared by allowing formalde-

hyde to act upon diaminoanthraquinones and then submitting the

reaction product to a potash fusion
; § whilst Indanthrene Grey

{Melanthrene) (B.A.S.F.) is formed by the potash-melt of diamino-

anthraquinones. || It is possible that in these cases, as in the Indan-

threne-melt, complicated hydroazine products may be formed, which

would accord with their lack of fastness to chlorine.

Indanthrene Brown (B.A.S.F.) is produced by the action of copper

powder upon a sulphuric acid solution of 2-aminoanthraquinone,^

* D.R.P. 257832, etc. (E. R. Wedekind & Co.). f Cf. p. 475.

t D.R.P. 198048 (B.A.S.F.) ; E.P. 9657/07.

§ D.R.P. 160814 (B.A.S.F.) ; E.P. 712/04.

II
D.R.P. 157685 (B.A.S.F.) ; E.P. 712/04.

'i Ber., 43, 1734 (1910); D.R.P. 190656 (B.A.S.F.); E.P. 16505/07.
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whilst the action of aluminium upon 1-methylaminoanthraquinone

dissolved in cone, sulphuric acid leads to the formation of a dull green

dye, Leucol Dark Green (By.).* It is possible that Helianthrone

derivatives are formed in the process (p. 455). Leucol Brown B (By.)

is produced from anthranol by means of concentrated sulphuric acid,f

whilst Helindone Brown AN (M.L.B.) is formed by the potash fusion

of dianthraquinonyl-l:4-diaminoanthraquinone,J the latter being

formed from 1 : 4-diaminoanthraquinone and 2 mols. bromanthra-
quinone ; Algol Grey B and 2B (By.) appear to be formed by the

action of reducing agents, such as sodium sulphide, upon nitrated

a-a-anthrimides .§

Again, brown vat colours are formed,by the action of AICI3 upon
a nitro-benzene solution of 2-aminoanthraquinone, or 2:6- or 2:7-

diaminoanthraquinone ; by treating 2-methylaniinoanthraquinone

with oxidizing agents and submitting the product to a potash fusion
;

by the potash fusion of di- and tri-anthrimides ; by heating

a-anthraquinonyl-1-aminoanthraquinone and its derivatives with AICI3
;

and, lastly, by the action of cone, sulphuric acid upon the condensa-

tion product from l-amino-4-benzoylaminoanthraquinone and 1-benzoyl-

amino-5-chloranthraquinone (cf. Algol Olive, p. 469).

In all these cases, and in a number of further instances, too little

is known as to the course of the reaction for us to attempt to assign

any definite constitutional formulae ; it will only be possible to do this

as a result of future investigations, assuming, of course, that the

products are really homogeneous.

Further, reduction products of anthraquinone and its derivatives,

especially anthranol and aminoanthranol, have been used as inter-

mediates. By heating aminoanthranol, either alone 01* with condensing

or oxidizing agents, a very fast grey vat colour is obtained. In these

cases we may assume that an anthraquinone derivative is formed
by oxidation during the process, or that by the union of two molecules

a bianthrone derivative or an even more complicated quinone is

formed.

Mention may be made at this point of dianthranol, which is obtained

from anthraquinone by reduction with zinc dust and alkali, and which

is transformed into a bianthrone on further oxidation. 1

1

III. SULPHURETTED VAT DYES OF UNKNOWN
CONSTITUTION.

In a previous section we have studied certain vat colours of the

anthraquinone series containing sulphur, the constitutions of which

are either known or can be determined in accordance with known
principles, but there exist also in the same series a number of valuable

thionated vat dyes which are obtained by the use of the sulphur-melt,

* D.R.P. 205422 (By.).

t D.R.P. 194197, 203436- (By.) ; E.P. 16962/07, 25507/07.

X D.R.P. 208969 (M.L.B.) ; E.P. 25551/08.

§ D.R.P. 213501 (By.) ; E.P. 5382/09.

II
H. Meyer, Ber., 42, 143 (1909); D.R.P. 223209; E.P. 28679/10 (Gr. Elek.).
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and which, to a certain extent, occupy an intermediate position between
the true Vat colours and the Sulphur dyes which will be described

in the next chapter. They are distinguished from the latter chiefly

by the fact that they are dyed from a vat, whilst the true Sulphur

dyes are applied in a sodium sulphide bath ; at the same time it is

not possible to draw any hard-and-fast line between the two classes,

as certain of the vat dyes are soluble in sodium sulphide and may
be used for dyeing in this form.

As regards their constitution, little can be said at the present

moment, as will be further indicated when discussing the Sulphur

dyes. Where a methyl- and an amino-group are present simultaneously,

the formation of a thiazole ring is by no means improbable, as in the

thionation of l-amino-2-methylanthraquinone at 240°-280° C, the

product being a brown dye, Cibanone Brown (I.).*

Yellow to orange dyes such as Cibanone Yellow R and Cibanone
OrangeR (I.) are formed by the sulphur-melt of 2-methylanthraquinone

and halogen derivatives, with subsequent treatment with hypo-

chlorites ;f whilst greenish-blue, olive and black dyes are formed by
the sulphur-melt of 2-methylbenzanthrone at various temperatures.

{

To the latter dyes belong the commercial products Cibanone Blue 'SG

(I.) and Cibanone Black B (I.) ; or again, olive, grey and brownish-

black vat dyes may be obtained from anthraquinone-mercaptans (or

disulphides) on treatment with sulphur or polysulphides.§

In place of anthraquinone-mercaptans, use may be made of such

halogen-anthraquinones or sulphonic acids as on treatment with alkali

polysulphides can exchange the halogen or the sulphonic groups for

mercaptan groups. Brown dyes may also be obtained by the action

of sulphur chloride upon aminoanthraquinones,|| or upon the diazo

compounds of aminoanthraquinones in nitrobenzene solution,^ or

or by allowing thioarsenates, thioantimonates or thiostannates to act

upon these diazo compounds. Olive-brown dyes are also formed
by heating 1 : 5-dinitroanthraquinone with alkali polysulphides under

pressure.

Occasionally, anthracene itself is also used as an intermediate, in

most cases in the presence of sulphur or sulphur-chloride ; thus, for

instance, Indanthrene Olive G (B.A.S.F.) (OUvanthrene) maybe obtained

by heating anthracene with- sulphur and metallic oxides.** A yellowish-

olive or a brown-red vat dye may be prepared from anthracene ,and
sulphur chloride according to the temperature employed.

Lastly, on heating anthraquinone or anthranol with thiosulphates,

thionated vat colours are formed which dissolve in hydrosulphites to

give a vat which dyes cotton in olive to olive-brown shades fast to

chlorine.ff

* D.R.P. 204968 (I) ; E.P. 13057/08.

t D.R.P. 209231, 209232 (I) ; E.P. 7583/08, 20127/09.

j E.P. 20094/08, 11422/11; D.R.P. 209351.

§ D.R.P. 236879, 226957 (By.) ; E.P. 4536/10, 20094/08 ; D.R.P. 209351.

II
D.R.P. 224500. ][ D.R.P. 229465 (Akt.).

•* D.R.P. 186990 (B.A.S.F.) ; E.P. 20132/06.

tt D.R.P. 296207, 297080; E.P. 19435/13.
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Carbazole Derivatives.

A sijecial group is formed by the vat colours which have been
prepared in recent years from derivatives of Carbazole.

On condensing Carbazole with nitrosophenol in sulphuric acid

solution, a condensation product is formed having the following con-

stitution :

C6H4—CeHs—N--C6H4=0

H

which, on submitting to the usual sulphur-melt with polysulphides,

yields a blue sulphur dye which is fast to light and chlorine ;* or

black sulphur colours may also be produced from the same niaterials,

Indo-Carbon S, SF. If, however, the melt be carried out with an
excess of sulphur, blue dyes are formed which are easily soluble in

alkaline hydrosulphite, and are therefore used as vat colours and not

as sulphur colours.

f

These constitute the commercial dyes Hydron Blue G, R and B
(C), which, owing to their excellent fastness to chlorine and light,

have attained considerable importance for yarn dyeing in place of

Indigo or Indanthrene.

N-Aryl and N-alkyl carbazoles may also be utilized in a similar

manner for the production of dyes.|

Hydron Blue-black (C.) also belongs to this group and is used

in the same manner as the other brands of Hydron Blue. Again,

blue vat dyes very fast to chlorine are also obtained by treating the

condensation products from m-dinitrochlorbenzene and the indo-

phenols or leuco-indophenols from carbazole and nitrosophenols, with

polysulphides in alkaline solution.

Yellow, yellowish-orange and yellowish-brown sulphur dyes, which
may be utilized either from a hydrosulphite vat or from a sodium-

sulphide bath and which show good resistance to chlorine, are formed
by heating the acyl derivatives of amino-, nitroamino-, or diamino-

carbazole, or N-alkyl or N-aralkyl carbazoles with sulphur [Hydron
Olive (C.) ?].

In passing we may note that Hydron Yellow is not a thionated

derivative but is an anthraquinone-carbazole (cf. p. 477).

Similar thionated vat colours may be produced from the

condensation product from N-methylenecarbazole and nitrosophenol,

and there appears to be every likelihood that an important new field

has been found in the dye industry for carbazole, which previously

was used only for the manufacture of Carbazole Yellow, which is an
azo-dye from diaminocarbazole and salicylic acid.

Lastly, fast blue vat colours may be prepared by thionating the

condensation product of leuco-carbazoleindophenol with chlordinitro-

benzene of the following formula § :

* D.R.P. 218371, 221215 (C.) ; E.P. 14143/09.

t D.R.P. 224590, 224591 (C.) ; E.P. 18822/09.

X D.R.P. 224951 (C.) ; E.P. 9689/09. § D.R.P. 247688.

17



482 DYE CHEMISTRY

/\/NH\/\ /\/0\/\/N02

V/ \/\NH/\/ \/\N02

IV. BENZOQUINONE VAT DYES.

It has been found in the last few j^ears that vat colours may be

obtained from derivatives of the simplest arjomatic quinone, namely,

^-benzoquinorie.

The joara-quinones, when heated in a suitable organic solvent with

arylaminoacetic acids, give rise to acylamino derivatives of these

quinones which can form vats with hydrosulphite, the leuco compounds
so produced having an affinity for animal fibres.*

Thus, the compound from jahenylglycine and ^-benzoquinone :

CcH5.N(CH3)-C//
CH . COn

C . N(CH3) . CeHs
\C0 . CH^

forms a colourless vat with alkaline hydrosulphites and dyes animal

fibres yellow tints.

Similar products suitable for vat dyeing may be obtained by
heating acylamino derivatives of halogenated benzoquinone with copper

powder.

f

As a further development it has been found that on heating various

diarylidoquinones or diarylidodichlorquinones with ferric chloride,

etc., in high boiling solvents stable intensely coloured products are

obtained J which are possibly triphendioxazines :

/\/NH\/\^0

\/

/\

0^\/\NH/\/

/\/NH./\/ . X\

\/\ /\/\NH/\/

On heating such products with alkali sulphides, etc., yellow to brown
vat colours are produced, certain of which form different marks of

Helindone Yellow and Helindone Brown.^

Mention may also be made here of the fact, discovered by Wieland,||

that di- and triarylmethane dyes when reduced with alkaline hydro-

sulphite form colourless alkali salts, soluble in water. These products

have all the properties of vat dyes and are rapidly re-oxidized on the

fibre by air.

* U.S.P. 1209163. t U.S.P. 1209212.

t D.R.P. 25.3091, 253761, etc. (M.L.B.) ; E.P. 8886/12.

§ D.R.P. 263382 and additions; E.P. 19599/12, etc.

II
D.R.P. 308298. Ber., 52, 880 (1919).



SULPHUR DYES

In the year 1873 Croissant and Bretonniere, by heating organic

refuse with sodium sulphide, obtained a product which possessed the

valuable property of being lable to dye cotton directly from an alkaline

bath. By this means greenish dyeings were obtained which, on
exposing to the air or treating with bichromate, were converted into

brown shades of very considerable fastness. The valuable tinctorial

properties of this product, which was brought into commerce under

the name of Cachou de Laval, and also its low price, led to its use in

cotton dyeing, and it is still employed even at the present day.

The method by which Cachou de Laval was prepared remained,

however, practically unnoticed until Vidal, who some twenty years

later again took up the subject,* showed that the method was one of

quite general application, and also demonstrated that with its aid

black colouring matters could be obtained from benzene derivatives

containing nitrogen which had equally valuable dyeing properties

to those of Cachou de Laval.

Vidal's patents and the product obtained from ^j-aminophenol,

which was placed on the market as Vidal Black, had an almost

revolutionary effect upon the entire dye-making industry.

The simplicity of the method and the almost unlimited applica-

bility of the " Sulphur- melt," as it was termed, as also the fact that the

products afforded, almost without exception, very fast and full shades

on cotton, had the result that nearly all the dye-works applied them-

selves to the production of such " Sulphur Colours," so that for some
considerable time investigations upon the remaining classes of dyes

were distinctly neglected.

Many hundreds of patents were taken out for sulphur dyes, which

were at first exclusively produced by heating together the most diverse

kinds of aromatic compounds with sulphur and sodium sulphide,

either separately or together, to temperatures varying from 150° to

250° C. ; the products so obtained were then sold without further

purification.

The fact that dyes having very similar properties could be produced

by submitting a very large number indeed of organic compounds to

the sulphur-melt made it impossible for a long time to gain any insight

into the mechanism of the process. But here also pioneer work was
done by Vidal, who showed that in many cases diphenylamine deriva-

* Fr. P. 231188 of July 1, 1893; E.P. 13093/96.
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tives were fdfmed in the melt, from which it was concluded that even
more favourable results might be obtained by the direct use of such

derivatives in the process.

The first great technical success based on this assumption was
attained by L. Cassella & Co., who obtained a valuable black sulphur

dye, Immedial Black, by the use of 2 : 4-dinitro-4-hydroxydiphenyl-

amine :

02N-<^ \_NH-/ N^OH

NO2 '

As a result a great impetus was given to the preparation of a large

numbei: of diphenylamine derivatives, which were made by means
of the various reactions described in this book when the intermediate

products were discussed (p. 40). Later on, the use of most of these

diphenylamine derivatives was dispensed with on economic grounds
;

in addition, it was also found that those substances which may be

regarded as leuco-indophenols can be made more conveniently by the

methods described under the Indophenols.

The recognition of the important fact that, under suitable con-

ditions, the Indophenols can yield valuable sulphur dyes, led in 1900

to the discovery of Immedial Pure Blue, the first clear blue sulphur

colour. A further series of important blue and green sulphur dyes

are prepared at the present day from indophenols, such as Immedial

Indone (C), Katigene Blue, Katigene Indigo and Katigene Green

(By.), Pyrogens Blue (I.), and Kryogene Blue (B.).

The sulphur-melt usually affords yellowish and brown sulphur

dyes, and, less frequently, black, violet and blue colours. The attempt
has often been made to prepare red dyes, but without attaining any
technically satisfactory results. The dyes obtained from azine deriva-

tives, such as Thiogene Purple (M.L.B.),* which is almost a red, and
Sulphur Eed,'\ prepared by the introduction of —SH groups into

red azo colours, have not attained to any technical importance. In

the light of our present experience it seems unlikely that any useful

red dyes will be obtained by direct thionation. The desired result

has, however, been attained by methods other than those of the crude

sulphur-melt, namely by direct S3mthesis, as in the case of Thioindigo

Red, which may be regarded as a sulphur dye but is more correctly

a vat dye, if we bear in mind its mode of application. On the other

hand, these synthetic products are far more expensive than those

obtained by means of the sulphur-melt ; this also holds good in the

case of the blue sulphur dyes obtained synthetically by means of thio-

sulphonic acid.J

As already mentioned, the original sulphur-melt was carried out

at relatively high temperatures, but latterly the process has been

considerably altered and improved upon in several respects. It was

* D.R.P. 181125; E.P. 2797/06.

t D.R.P. 161462 ; E.P. 7364/04. Cf. also Friedlander and Mauthner, Z.f.farb.

Ind., 3, 333 ; Fichter, FrOhlich, and Salon, Ber., 40, 4420 (1907).

X D.R.P., 167012, 178940, 179225 ; E.P. 15763/06.
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discovered that the reaction is very dependent indeed upon the con-

ditions under which it takes place, and that it may be carried out at

lower temperatures : in certain cases simply heating the aqueous or

alcoholic solutions with sulphur and sodium sulphide will suffice, and
in other cases it may be effected with the aid of thiosulphates {Clayton

Black). Again, it was found that the addition of certain substances

to the sulphur-melt exerted a very favourable influence on the course

of the reaction ; for instance, in the production of certain yellow sulphur

colours various bases with a high boiling-point are added, such as

benzidine or a-naphthylamine.*

The addition of copper salts to the melt frequently leads to the

formation of green dyes
; f zinc salts also have a special influence

on the course of the reaction in many caseff-l Certain sulphur-melts

must be carried out with the addition of caustic alkalis
; § an addition

of naphthol to the sulphur-melt of the indophenols is often necessary

to prevent them separating out.y

In order to purify the crude produclis the dyes are usually extracted

from the melt by blowing in air or by the addition of acids ; for printing

purposes a specially pure product is requisite in order to prevent the

blackening of the copper rollers owing to the formation of copper

sulphide. In some cases the dye may be alkylated,^ the products

affording purer shades ; halogenation also is said to increase the fastness.

Less frequently the ordinary sulphur-melt may be replaced by
heating with sulphur chloride.**

In dyeing cotton, for which purpose sulphur colours are chiefly

used, the material is heated for a certain time in a solution of the

dye in sodium sulphide and the actual colour is then produced by
oxidizing in the air, or by treating with certain metallic compounds.
This behaviour of the sulphur dyes is very reminiscent of vat dyeing,

since the soluble form in which the sulphur dye is absorbed by the

fibre must be looked upon as a leuco compound formed by reduction.

The solutions of certain sulphur colours in sodium sulphide (e.g. Bayer's

Katigene Indigo) are extraordinarily similar in appearance to an Indigo

vat. In distinction to Indigo White, however, many leuco compounds
show a strong colour of their own, and sulphur dyes are also known
which practically do not need fixation by oxidation.

To a certain extent the Sulphur colours occupy an intermediate

position between the substantive dyes and the vat colours, if considered

from the point of view of their behaviour in the dye-bath ; in fact, a

sharp line of demarcation cannot always be drawn. Thus various

vat dyes such as Thioindigo Red, Thioindigo Scarlet 2G (K.), Leucol

Dark Green (B3^), etc., may be used in a sodium-sulphide bath, whilst

other derivatives formed by the use of the sulphur-melt, e.g., Hydron-
Blue, are pronounced vat dyes.

' * Fr. P. 354307 (Akt.) ; E.P. 10101/05, etc.

t Cf. D.R.P. 101577. X D.R.P. 125583.

§ D.R.P. 134704, 147862, 141970 ; E.P. 21879/01.

II
D.R.P. 150546.

if
D.R.P. 131758, 134176, 134177 ; E.P. 21898/00.

** D.R.P. 103646 ; E.P. 24938/97 (C).
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The sulphur colours may also be made into vats by the use of hydro-
sulphite, though whether the resultant leuco products are identical

with those obtained by means of sodium sulphide is at present uncertain.

The sulphur dyes in general show a somewhat poor degree of fastness

to chlorine. Although individual colours may not obey this rule,

yet, as a class, they can hardly be considered for producing shades
fast to chlorine. For this reason the newer vat dyes, although con-

siderably more expensive than the sulphur dyes, have largely replaced

the latter for fast dyeings.

Technical Sulphur Dyes.

Sulphur dyes are produced by nearly all the colour factories which
place various shades on the market. Individual factories have intro-

duced special trade names by which their sulphur colours are denoted,

the most important being the following :

Auronal colours . . .• .. . . ter Meer.

Cross Dye colours British DyestufI Corpora-

tion Ltd.

Eclipse colours Ceigy & Co.

Immedial colours Cassella & Co.

Katigene colours Farbenfabriken vorm. Fr.

Bayer & Co.

Kryogene colours Badische Anilin- und Soda-

Fabrik.

Pyrogene colours Ges. fiir Chemische Indus-

trie in Basle.

Sulphur colours Aktienges. fiir Anilinfabri-

kation.

Thiogene colours Farbwerke Hoechst, vorm.
Meister, Lucius & Briining.

Thion colours , . . . . . Kalle & Co.

Thionol colours British Dyestufif Corpora-

tion Ltd.

Thionone colours . . . . . . L. B. Holliday &. Co. Ltd.

Thioxine colours Griesheim Elektron.

Etc.

A detailed description of all the individual sulphur dyes is not

possible here, and we must therefore limit ourselves to a consideration

of certain typical representatives of each class. Since the constitution

of the sulphur colours is not yet sufficiently elucidated, it is not feasible

to subdivide them according to their chemical structure ; the most
convenient way is to classify them according to their colours, which

indeed also indicate a certain chemical similarity in most cases.

Yellow and Brown Sulphur Dyes.

Yellow sulphur dyes are amongst the more recent colours and are

relatively limited in numbers, whereas the brown dyes include some
of the oldest and are the most numerous of this class of dyes.
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They are usually formed from m-diamines, such as /n-toluylene-

diamme, or from derivatives containing aliphatic side chains, either

in the amino group or attached to the benzene nucleus (e.g. acetylated

m-diamines and their urea- and thiourea derivatives, etc.).

The first yellow sulphur dye to become of technical value was
L. Cassella's Immedial Yellow D, obtained from m-toluylenediamine.*

Kryogene Yellow , G (B.A.S.F.) is prepared from m-toluylene-

dithiourea by heating with sulphur alone to about 200°
;t Pyrogene

Yellow M, O, OR, 3R, etc. (I.), is obtained by submitting various

benzylidene compounds to a polysulphide melt, to which an addition

of metallic salts may also be made {Pyrogene Olive N).X
Closely related to Immedial Yellow D is Eclipse Yellow (Geigy),

the G brand being obtained from mono- and di-formyl-toluylenediamine

by the action of sulphur, Thion Yellow (K.), and Thiogene Yellow
(M.L.B.), being prepared similarly. It is noteworthy that in all these

cases the formation of a thiazole ring is possible.

The hypothesis that these sulphur colours contain a thiazole ring

gains in probability if we bear in mind the formation of this ring in

the production of dehydrothiotoluidine from ^-toluidine and sulphur,

or the method for synthesizing thiazole derivatives from benzylidene

compounds described in Fr. P. 353928 (By.), (cf. also Thiazole dyes,

pp. 157 et seq.). The fugitiveness to light of these dyes, again, speaks

in favour of this assumption, as also does the high temperature at which
they are formed.

It is possible that others may contain the similarly constructed

benzimidazole ring, particularly those such as Kryogene Yellow R
(B.A.8.F.), which is formed by heating amino-a-methylbenzimidazol

with sulphur to moderately high temperatures. On increasing the

temperature of the melt the shade of the resultant dye is deepened

towards orange. In this manner Immedial Orange N (C.) is formed
at 250° from m-toluylenediamine and sulphur ; if, in addition, benzidine

be added to the melt, a product is obtained which dyes more brownish-

orange shades. Other cases can only be referred to herc.§

Yellow and orange sulphur dyes affording bright shades on un-

mordanted cotton, which are very fast to washing, are produced by
heating with sulphur at 200° -220° a mixture of 2>-aminoacetanilide,

formanilide, or formyltoluidine and benzidine-, tolidine or dianisidine.||

It is very probable that certain brown sulphur colours may also

contain the thiazole ring, but in the case of many of these dyes it is

not yet possible to form any well-grounded opinions as to their structure,

particularly in the case of those prepared from non-nitrogenous

materials.

The brown dyes include Cachou de Laval, which was made so far

back as 1873 by heating sawdust, dye-wood residues, etc., with sodium
sulphide, and similar products such as Katigene Black Brown (By.),

Sulphaniline Brown 45 (K.), etc.

* D.R.P. 139430; E.P. 11771/02. t D.R.P. 144762.

I D.R.P. 135335 J E.P. 1007/00, 23188/03.

§ D.R.P. 131758, 134176, 134177 (By.) ; E.P. 21898/00.

II
E.P. 4035/16.
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It is conceivable that aromatic bodies may be formed from the

lignine or cellulose during the course of the melt, which are then further

transformed by the thionation.

A more rational method consists in starting direct from aromatic
compounds, as was done by Vidal for the production of Thiocatechin

(P.) ; for this purpose p-aminoacetanilide is melted with sulphur

and sodium sulphide, or ^-nitroacetanilide may be used, which is

reduced during the course of the sulphur-melt. The S mark is a

purified product formed by treatment with alkali sulphite.

The influence of the acetyl group is noteworthy, as ^-phenylene-

diamine itself gives a greenish-black dye {Vidal Black), as also do
^-nitraniline and ^-aminophenol. m-Diamines on the contrary give

brown dyes, as also do resorcinol, m-cresol, etc., so that the following

rule may be formulated :

In nearly all cases yellow and brown dyes are formed in the

sulphur-melt from meto-substituiion-products of benzene which
are either not further substituted or contain only methyl as a

nuclear substituent, and from o-, m-, and ^>-substitution products

of benzene which contain carbon groups as substituents (particu-

larly acetyl) ; in such cases black, greenish-black or bluish-

black sulphur dyes are never formed.* If, however, mixtures

be used, it is usually impossible to foretell whether brown
or black dyes will be formed.

f

Brown dyes of this class are very numerous and come into commerce
in various shades under names such as Thiogene Brown (M.L.B.),

Thion Brown (K.), Pyrogens Brown (I.), Katigene Brown (By.), etc.

It is hardly possible to give more exact details as to the modes of

preparation of the various brands, which in many cases are not homo-
geneous, so that we must limit ourselves to certain known cases.

An Immedial Brown (C.) is obtained by condensing /)-aminophenol

and dinitrochlorbenzene to dinitro-hydroxydiphenylamine, which is

then treated with alkali and the product submitted to the action of

a sulphur-melt. As already noted above, dinitrohydroxydiphenyl-

amine itself yields a black dye {Immedial Black). On melting nitro-

diphenylamine sulphonie acid with sulphur and sodium sulphide,

Cotton Brown (Dahl). or Sulphine Brown is formed. In the Kryogene
series of dyes, which are sulphur colours dyeing from a cold bath,

the Badisch Anilin- und Soda-Fabrik produce a Kryogene Brown
by making a sulphur-melt of the reduction product obtained from

1 : 8-dinitronaphthalene by the action of sodium sulphide, bisulphite

and soda lye. A Thion Brown (K.) is obtained by a sulphur fusion of

anilineazo-m-toluylenediamine : in this case the azo compound is

reduced to triaminotoluene, which is then converted into the dye.

Brown dyes have also been made, or patented, from the following

bodies : acet-^-aminophenol, resorcftiol, dinitraniline and dinitracet-

anilide, dinitrotoluene, nitrosotoluylenediamine, dinitrocresol, trini-

* Friedlander, Zeit. f. angew. Chem., 1906, 616.

t Cf. also Barillet, Rev. Gen. Mat. Col., 1903, 6.
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trotoluene, triaminotoluene, and many other benzene derivatives.*

Naphthalene derivatives may also be used as intermediates f (cf.

Kryogene Brown) ; again, various diphenylamine derivatives have
been used (e.g Immedial Brown),% or mixtures of various substances

; §

and lastly, naturally occurring organic materials or their products

may be used as wood shavings, dye-wood residues, bran, cocoa-nut,

carbohydrates,!! etc. {Cachoic de Laval, etc.).

Eclipse Brown (Gy.) is probably prepared from a mixture consisting

of m-toluylenediamine and toluyleneoxamide (or 2 mols. toluylene-

diamine and 1 mol. of oxalic acid) by treatment with sulphur and
sodium sulphide.

Blue Sulphur Dyes.

The blue sulphur colours constitute an extremely important group,

as, in certain cases, owing to their cheapness and fastness, they are

serious competitors with Indigo.

Soon after the discovery of Immedial Black in 1897, it was found
that on treating it, either in substance or on the fibre, with hydrogen
peroxide it could be converted into a blue dye. It was noted further

that a sulphur blue could be obtained directly from the melt if, instead

of the nitrated materials used for producing Immedial Black, the

corresponding reduction products were utilized. The dyes so prepared

were at first rather dull until the discovery in 1900 of Immedial Pure
Blue (C), which was the first clear blue sulphur colour to be placed

on the market ; its discovery led the way to further developments

in this group, as a result of which it was shoM'n that indophenols are

especially valuable as intermediates, and also that the thionation need

not be carried out at high temperatures, but can be equally well effected

at temperatures only slightly exceeding 100°, in the presence of suitable

solvents.

The production of indophenols has already been described (cf.

Quinoneimine dyes). They are obtained by the joint oxidation of phenols

and p-diamines, or of p-aminophenols and monamines possessing a

free para position. The oxidation may be effected either in alkaline

solution with the aid of hypochlorites or potassium ferricyanide, or

in acid solution with a chromic acid. In the latter case it is usuallj'-

advisable to reduce the indophenol at once to the corresponding leuco-

indophenol (i.e. a diphenylamine derivative) in order to prevent

decomposition by the acid. Another important method consists

in condensing nitrosophenols with amines, which is best carried out

in 70 per cent, sulphuric acid.^

* D.R.P. 107729, 121022, 121122, 126965, 135637, 139807, 157540; E.P.

18489/96, 18826/00, 6545/01, 2149/02.

t D.R.P. 88236, 92471, 103987, 117819, 121687 ; E.P. 7766/96, 20250/96,

9338/98, 8873/00.

J D.R.P. 110360, 11789, 112484, 125584, 194198, 194199 ; E.P. 9514/99, 13905/99,

25754/99, 14746/07.

§ D.R.P. 125586, 125587, 126964, 128659, 170475, 215547, 221493, 229154 ;

E.P. 1644/01, 19186/05, 8677/09, 24703/09.

II
D.R.P. 103302, 115337, 118701 ; E.P. 18900/99.

11 Pat. Anm. G. 18017/03, 18630/03, 18780/03. Cf. Winther, II, 286 ; E.P.

7026/03.
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Again, the diphenylamine derivatives corresponding to the indo-

phenols may also be utilized as starting materials, and may be prepared
in the usual way by means of Girard and de Laire's diphenylamine
synthesis. In this way amino-hydroxy-diphenylamine may be pro-
duced from ^-aminophenol hydrochloride and ^-phenylenediamine, or

dimethylamino-hydroxy-diphenylamine from p-amino-dimethylaniline
and jp-aminophenol (cf. p. 40).

During the sulphur-melt the indophenol is, of course, reduced
to the corresponding diphenylamine derivative, so that theoreticall}'^

it should not matter which compound is taken ; in actual practice,

however, there is a distinct difference to be noted.

Immedial Pure Blue (C.) is formed by melting dimethyl-^-amino-
^'-hydroxydiphenylamine :

(CH3)2N-<^ ^^-NH--<;^
^-

-OH

with sodium polysulphide at 110°-II5° C. Immedial Pure Blue
gives clear blue shades of good fastness, but of poor resistance to

chlorine.

Another important colour is Immedial Indone (C), which is prepared

from the indophenol formed from o-toluidine and. ^)-aminophenol,

or its leuco product :

CH3
I

H2N-/ N-NH-/ \-0H

it affords fast indigo-blue shades.

Other similar colouring matters are : Pyrogene Indigo (I.) from

phenylamino-^-hydroxydiphenylamine,* Pyrogene Blue (I.) ; Thiophor
Indigo (Jager) from the indophenol derived from a-naphthol ;]• Thion
Blue I? (K.) ; Katigene Indigo (By.) ; Kryogene Pure Blue (B. A.S.F.),^

Eclipse Blue (Gy.) from dimethyl-^-amino-2>'-hydroxydiphenylamine-

sulphonic acid, which is readily produced by the action of sulphites

on the indophenol formed from dimethyl -^-phen\'lenediamine and
phenol, etc.

It has been found also that blue sulphur dyes may be obtained by
thionation of the leuco-indophenol derived from ^-aminophenol and

ar-tetrahydro-a-naphthylamine :

H0-<^^ \-NH-<^^~^-NH2

H2C CHo •

HoC—CH2

It dyes uhmordanted cotton fast pure blue shades from either a

sulphide or a hydrosulphite bath.§

* D.R.P. 150553. t D.ItP. 132212 ; E.P. 5168/01, 7349/99.

t D.R.P. 134947; E.P. 16247/00, 9969/02. § U.S.P. 1175230.
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In this group are included also those dyes which are prepared from

the condensation product of ^^nitrosophenol and carbazole. The
intermediate product so obtained gives a blue sulphur dye fast to

light and chlorine on submitting it to the action of the usual polysulphide
" melt."* If, however, the thionation be carried out by means of

sulphur, another blue dye is obtained which is easily soluble in alkaline

hydrosulphite, and may therefore be used as a vat colour ; this dye is

Hydron Blue G, R, B (C), already mentioned in the chapter on Vat
Dyes (cf. p. 481) ; owing to its excellent fastness to chlorine and to

light it is of special interest for dyeing yarn.

Under suitable conditions a black dye, Indocarbon S, SFF, may
also be produced from the same intermediates.!

Whilst the sulphur- melts already noted lead to the formation of

complex derivatives w^hose constitution is unknown, it is also possible

to synthesize certain blue sulphur dyes.|

The ease with which ^-amino-dimethylaniline-thiosulphonic acid

can be formed from ^-amino-dimethylaniline has been noted already

when discussing the thiazines :

/NHo (1)
/NH2 (1)

CeH/ " 4-HS-SO3H+O = C6H3^S-S03H(2)-|-H20
\N(CH3)2(^) \N(CH3)2W

By oxidizing this with phenol Methylene Violet is obtained (p. 377),

which is not itself a Sulphur colour, but may be converted into a blue

sulphur dye on treatment with sodium sulphide. It is uncertain

whether the thiazine complex remains after the thionation ; if, however,

the corresponding mercaptan derived from hydroquinone be used in

place of phenol, derivatives are obtained which certainly do contain

the Methylene Violet complex.

This mercaptan is easily produced by treating quinone with thio-

sulphuric acid, thioester acids, thiocyanic acid, sodium sulphide, etc. :

O
IIA
ii

OH

-H
+ HS.SO3H

/N-S.SO3H

OH

OH
I

/\-SH

OH
Further, by oxidizing the thiosulphonic acids of the hydroquinones

the corresponding quinones are obtained, which may, in turn, be

converted into dithionic acids and dimercaptans :

OH
I

-S.SO3H -^.SOaH

OH O
* D.R.P. 218371 ; E.P. 2918/09

HO3S.S-

OH
1

/\-S.S03H

HS-

OH
t D.R.P. 221215; E.P.

OH

A-SH

OH
14143/09.

X Cf. Bernthsen and Julius, Chem. Ztg., 1908; 956 ; D.R.P. 167012, 178940,

179225; E.P. 15763/05.
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Again, halogenated quinones may be used as the starting-point,

halogenated mercaptans being formed in this manner. Such chlorinated

products are highly reactive and combine with ^'-amino-dimethyl-

aniline-thiosul phonic acid as follows :

/\yNH2

Il2N/\/^S.S03H

and, similarly :

/\/NH2

CI

HOx/V/SH

Cl/\/\OH

CI

HO\/\/SH

^
E,2N/

+
B2N/\y\s . S3OH Cl/\y\OH

I

SH

Chlor-Methylene-Violet-mercaptan.
\

CI

R2N/\/\S<^\/No
I

SH

Chlor-Methylene-Violet-dimercaptan.

All the above syntheses occur at the ordinary temperature. The
compound :

OH OH

Cl/\y\Cl X/^SH
OH OH

is formed similarly from 2 mols. dichlorhydroquinonemercaptan,

and condenses with the thiosulphonic acid of dimethjd ^-phenylene

diamine to form dimolecular Methylene-Violet-mercaptan. These

and similar derivatives of Methylene Violet are blue sulphur dyes

possessing all the characteristic properties of the latter, and are thus

formed without the use of the polysulphide melt.

It is, of course, possible also to obtain longer chains, but, apparently,

the general character is liot greatly altered by the molecular size.

The shade of the product is determined only by the manner in which

the sulphur is united.

A blue sulphur dye is also produced by oxidizing dimethyl-^-

phenylenediamine-thiosulphonic acid with dihydroxyphenyldisulphide* :

XV s-s \/\

\A0H HO^X/

In such a case the condensation can hardly take place otherwise

than as follows :

* Meyenberg and Levy, Rev. Oen. Mat. Col., 1902, 212.
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Ho H2

R2N/\/\c;!'-\/\0H H0/\/-S/\/\NR2
SO3H SO3H

R2NA^S^\y^0 0/W^sA,y\NR2
I -. -

I I I

Owing to their very high price the blue sulphur colours prepared

in this way can hardly compete with dyes produced by the ordinary

sulphur-melt, but such methods of formation are very important

from the theoretical standpoint as they allow one to draw very impor-

tant general conclusions as to the constitution of this class of com-
pounds (cf. also pp. 495-6).

Blue-black Sulphur Dyes.

By more energetic thionation of the blue dyes at higher temperatures

products are obtained, by the addition of more sulphur atoms and
further condensation, which give bluish-black shades leading ultimately

to black.

On the other hand, by suitable treatment of dinitronaphthalenes

blue sulphur colours are obtained directly ; for instance, Melanogene
Blue (M.L.B.) is prepared in this way from 1 : 5-dinitronaphthalene,

and is chiefly used for bottoming vat blues ; it is uncertain whether

Printing Bluefor Wool (B.A.S.F.), which is prepared from l:8-dinitro-

naphthalene, is also a sulphur dye.

Black Sulphur Dyes.

Vidal was the first chemist to prepare a black sulphur dye, which

he succeeded in doing in 1893 by submitting p-aminophenol, ^-phenyl-

enediamine, etc., to the action of the sulphur-melt.* This discovery

was of fundamental importance for the future development of the

sulphur dyes as the product obtained, Vidal Black I or Noir Vidal

(P.) was the first sulphur colour to be prepared from definite inter-

mediates of known structure. Neither Vidal Black itself nor its

purified form, Vidal Black S,'\ prepared via the bisulphite compound,
met with much success, as they do not dye pure black shades and
need after-treatment. For these reasons the discovery of Immedial
Black FF (C), byKalischer in 1897, was of even greater importance,

as it was the first sulphur black to give directly satisfactory deep

• D.R.P. 85330; E.!*. 23578/93.

t D.R.P. 88392 ; E.P. 3612/95.
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black shades. Immedial Black is prepared by condensing p-amino-

phenol with dinitrochlorbenzene to form p-hydroxydinitrodiphenyl-

amine :

I

HO-^ >-NH-^ \-NO2-0-^«-<Z>-'

which is then treated with a sulphur-melt. It is still used at the

present day, and led to the production of a series of similar products

which are also prepared from diphenylamine derivatives, such as

Noir Autogene (P.),* Cotton Black (Dahl), Auronal Black B, 2B
(t.M.), and certain others.

Since then, however, less attention has been paid to the use of

diphenylamine derivatives, as it has been found that quite a satis-

factory black can be obtained from l:2:4-dinitrophenol. This dis-

covery also was made by Vidal,*]" and at the present day a large number
of sulphur blacks prepared from the same material are on the market,

such as Sulphur Black T (Akt.), Katigene Black (By.), Thiogene

Black (M.L.B.), Immedial Black N (C), Thiophenol Black (I.),

Thionol Black and Cross Dye Black (B.D.C.), etc.

The process of manufacture may be carried out in different ways
according to the quantities taken, the concentration, temperature,

etc. Certain factories carry out the reaction under pressure [Auronal

Black N (t.M.) ], others, again, at temperatures not much above 100°

[Noir Autogene (P.) ], etc.

Although these various brands of Sulphur Black are prepared from

the same materials, their identity is by no means certain ; it is, in fact,

more than probable that considerable differences may exist according

to the character of the melt.

It would be a waste of time to enumerate all the patents claiming

the production of blacks, as only those already mentioned have become
of importance. The importance of sulphur black may be gauged

from the fact that the annual pre-war production was about 5,000

tons per annum. J Since 1909 the price has been fixed by a

convention.

As regards the constitution of the Sulphur Black so prepared, all

that can be said with any degree of certainty is that a more or less

complicated thiazine complex is contained in all those sulphur

colours which are derived from diphenylamine derivatives or indo-

phenols, or in the preparation of which we can assume the intermediate

formation of diphenylamines, as in the case of the important Sulphur
Black T (Akt.), or Katigene Black (By.).

This hypothesis put forward by Vidal finds support in the ease

with which the thiodiphenylamine ring is formed in the Methylene

* D.R.P. 113893; E.P. 18409/99.
^

t D.R.P. 98437 ; E.P. 16449/96.

j In the year 1913-14 the imports into the U.S.A. of Sulphur Blacks amounted
to more than 6,000,000 lb., and into the United Kingdom over 3,000,000 lb.
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Blue group, in the formation of Bernthsen's dihydroxythiodiphenyl-

amine :

HO/\y\ s /\A0H

prepared by heating j9-aminophenol with sulphur, and in the production

of the compound :

NH2

H2N\/\.NH\

HO/ \NH-2

from 1:2: i-diaminophenol and alkali polysulphides.

In one particular case the correctness of this hypothesis has been
shown directly : R. Gnehm and F. Raufler,* by eliminating the sulphur

from Cassella's Immedial Blue and brominating the product, obtained

a tetrabrom derivative which was found to be identical with that

formed on brominating Methylene Violet.

In discussing the blue Sulphur colours reference was also made
to the synthesis of products from known thiazine compounds at

moderate temperatures, which show very close resemblances to the

compounds obtained by the ordinary sulphur-melt.

But those sulphur colours which can be regarded as thiazines are,

in many cases, far more complex bodies than those met with in the

thiazine group of dyes. The question hence arises as to the nature

of the further processes which occur in the sulphur-melt.

Vidal assumes that during the formation of the blue dyes which
are first produced, two or more molecules of the thiodiphenylamine

derivative first formed become linked together by means of sulphur

atoms :

V/x s /vy^ \y s /\

The further course of the reaction then depends on whether the

positions marked a are occupied by amino or hydroxy 1 groups. In
the first case, according to Vidal, on heating the blue dyes to a suffi-

ciently high temperature ammonia is split off and black dyes are formed,

whilst in the latter case the reaction does not proceed beyond the

formation of the blue colouring matters.

The special influence exerted by the hydroxyl groups in these cases

is shown by the fact that no blue dye is obtainable from 4:4'-diamino-

diphenylamine either in its alkylated or phenylated form, whereas,

as is well known, blue dyes are obtainable from 4-amino-4'-hydroxy'

diphenylamine.

Ber., 27, 2617, 3032 (1904).
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If we extend Vidal's hypothesis still further, we arrive at the con-
clusion that in the blue siilphur colours where the complex : .

HO/\y\ s Ay\OH HO/ \0H

is present the analogous blue colouring matter containing two NH3
groups is converted, with loss of ammonia into a closed complex :

/V^^v\ /NH\/X

H0/\/\ s A^\NH2 H2N/\/\ S / yxOH
Blue.

HO/

\.NHv /-v / S ^^/NH^X\

V/\NHA^ S A^AOH
Black.

This formula, of course, only indicates the general structure of

the dye, as the compound would only possess a deep colour in its

quinoid form. On the assumption that this formula is correct, which
has not, however, been proved, there would be a certain parallelism

between Aniline Black and Sulphur Black, which is not without interest

:

CI C6H5 CI CeHs • CI C6H5

/\/NH\/\X/\/NH\y\Xx\/NH\/\Xv^/NH\X\

Aniline Black.
V V/^N/\/

HO/ S/^y^N/V/^S /^O HO/
Vidal Black ?

s/\y^o

It must, however, again be emphasized that the above formulae

for Sulphur dyes are at present devoid of any experimental basis. The
most we can say is that a thiazine complex is probably present.

The Sulphur Black prepared from dinitrophenol, which is soluble

in alkalies to a blue or black solution, gives directly black dyeings

which need no subsequent treatment.

Reduction occurs in the sulphur-melt : the nitro group ortho to

the OH appears first to be reduced so that an o-aminophenol derivative

is produced, but on the other hand the para group can also be reduced
leading to the production of a ^-aminophenol. The 1 : 2 : 4-diamino-
phenol prepared by the complete reduction of dinitrophenol also

gives a black, and the formation of a diamino-leuco-thionoline as an
intermediate product has already been indicated. It will therefore
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be seen that different dyes may be formed according to the nature

of the thionation, since it is possible for the linkages to take place in

different ways. This is confirmed by actual practice, and greatly

increases the difficulty in suggesting formulae, particularly as several

different compounds may be formed in the same reaction.

The formation of a sulphur black {Clayton Black),* from nitroso-

phenol and thiosulphates in acid solution, is somewhat unique. This

method of formation differs very considerably from the usual sulphur-

melt, and may be compared with the formation of blue sulphur colours

from dialkyl-phenylejiediamine-thiosulphonic acids and hydroquinone

mercaptans.

By the action of thiosulphate upon nitrosophenol a thiosulphonic

acid of /;-aminophenol is formed, e.g. :

OH

SO3H—S/

-SO3H

NH2

in the second stage by condensing with nitrosophenol (or aminophenol
and an oxidizing agent) a quinoid thiazine is formed :

SOaH

H2N - •• S -^/\/0H H.N\/\

\0H H2N/\/ S.^\/\OH
SO3H

which, in the third stage, is converted into the actual sulphur dye
of unknown constitution.

Lastly, black sulphur dyes have been prepared from 1 : 8-dinitro-

naphthalene, such as Fast Black B and BS (B.A.S.F.), and Anthra-
quinone Black (B.A.S.F.), from dinitroanthraquinone.

Miscellaneous Sulphur Dyes.

Green sulphur dyes are obtained by the addition of copper sulphate

to the sulphur -melt of certain substances. On submitting jo-amino-

phenol to a sulphur-melt, for example, Italian Green (Lepetit)t or

D.R.P, 106030; E.P. 21832/98. t D.R.P. 101577, 148024.
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Pyrogene Dark Green (L), is obtained instead of Vidal Black. Of
greater importance are the various brands of Immedial Green (0.),

Thiogene Green, Katigene Green, and Pyrogene Green, which are
prepared * by adding copper salts to the melt of :

H0-< \_NH-/ VNH.C6H5

-SO3H

They dye fairly bright blue- to yellow-green shades of considerable
fastness.

Greenish sulphur colours may also be obtained by thionating the
indophenols derived from alkyl-a-naphthylamines and p-aminophenols,f
as also from those indophenols derived from perimidine (1:8-

naphthylenediamine)4 The indophenolsulphonic acids derived from
p-aminophenol (or nitrosophenol) and the condensation product of

bsnzidene and naphthylaminesulphonic acids also afford green sulphur
dyes.§

The first reddish sulphur colour was obtained by L. Cassella & Co.

by thionating aminohydroxyphenazine.|j
This reaction was further extended by the Farbwerke Hochst to

the azine derivatives, particularly in the presence of copper salts in

the melt, as a result of which clear violet d3^es were produced, such as

Thiogene Violet (M.L.B.), and also bordeaux-red colours, e.g. Thiogene
Dark Red and Thiogene Heliotrope (M.L.B.).^ Thiogene Purple **

has the' reddest shade of this series of dyes, but is nevertheless con-

siderably removed from a pure red. It is usually assumed that the

azine complex persists unchanged in these dyes ; thionation consisting

merely in the introduction of sulphj'dro groups, and so causing them
to be soluble and to possess the characteristics of sulphur dyes.

It is accordingly possible to obtain red dyes by introducing -—SH
groups into the molecule of red azo dyes. In this way, for instance,

thionated red azo dyes may be obtained from o-nitro-p-toluidine-

5-sulphonic acid, which are not, however, of any technical importanceff :

CH3 CH3 CH3

/NO2 /\/NH-> A/N--N—

R

H03S/\/ HS/\/ HS/\/
NH2 SH ^H

Our present state of knowledge of the sulphur colouring matters

may be summarized thus i(Lange) :

* D.R.P. 162156; E.P. 11863/04. t D.R.P. 259519.

% D.R.P. 255823, 253804, etc. § D.R.P. 272843 ; E.P. 6080/12.

II
D.R.P. 126175; E.P. 14836/00. \ D.R.P. 194198; E.P. 14746/07.

** D.R.P. 181125; E.P. 2797/06.

ft Fr. Fichter, J. Frohlich, Marx Jalon, Bcr., 40, 4420 (1907). Cf. also Fried-

lander and Mauthner, Zeitsch. f.
Farbenind, 1904, 333.
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During the sulphur-melt mereaptan groups are introduced, preferably

in the ortho position to an}^ amino or hydroxy! groups which may
be present, or they may displace an^^ labile substituents, such as

halogens. In those cases where it is possible ring-formation occurs

leading to the production of thiodiphenylamine, thiazole or other

ring-systems containing sulphur. 8uch ring-systems form, to some
extent, the stable nuclei of the sulphur colours, whilst those mereaptan
groups which remain unchanged determine the solubility of the dyes

in alkalis. It is also possible for several of the nuclear molecules to

become united together by disulphide or polysulphide groups which
may possibly be broken up again during the course of the melt, and
may then link up afresh in some other position. In the manufacture
of a commerical product the melt is interrupted as soon as the product

possesses the requisite properties. Additional heating would cause

a further change in the colouring matter. According to this view,

therefore, a commercial dye represents the particular phase which
the thionation of the intermediate has reached under certain chosen

conditions which have been found to be favourable.

Application of the Sulphur Colours.—The above statements do not

ofEer any special explanation of the characteristic behaviour of the

sulphur colours on dyeing. Their solubility in alkali sulphides is

explained by most authors as being due to the presence of —-SH groups

or, at all events of —S—S— groups, which are easily convertible into

the former ; that such groups may be present has been rendered

very probable by the isolation of their alk}^ and acetyl derivatives.*

According to this hypothesis, which has been put forward by various

chemists, in particular by P. Friedlander,| the sulphur dyes are to

be regarded as insoluble disulphides. The dyeing process may therefore

be explained in the following manner :

On dissolving the colour in sodium sulphide the disulphide link

is broken by reduction to the mereaptan groups ; it then becomes

soluble in sodium sulphide and, after dyeing, is reconverted by oxida-

tion into the original insoluble condition, Avith reformation of the

disulphide linkage :

_S_S- —> -SH HS- —> -S—S-

Accordingly, it is not absolutely necessary for the —SH groups to

be present in the dye itself (many sulphur colours are insoluble in

alkalis), it is sufficient for them to be formed during the process of

solution in sodium sulphide. At the same time it is not inconceivable

that, in the case of dyes formed from oxj^genated materials, the process

of solution may be accompanied b}^ the formation of reduction products

containing OH groups, soluble in alkalis. In this case the dyeing

process would be more akin to that of vat dyeing.

The Lodge-Evans Process.—Practicall}^ speaking, there have been

no striking developments in the sulphur dye class in recent years

* D.R.P. 131758, 134176, 134177 (By.) ; E.P. 21898/00.

t P. Friedlander and Mauthner, Zeitsch. f. Farben- und Textilchem., Ill, Jahrg.,

p. 333. P. Friedlander, Zeitsch. f. ang. Chcm, XIX, Jahrg., p. 615. D.R.P. 140964 ;

E.P. 11163/01 (Clayton AnUine Co.).
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since the discovery of Hydron Blue, and the only advance has been
in a new method of application, named after its discoverers, the Lodge-
Evans Process. Sulphur colours cannot be used in the ordinary way
for dyeing materials such as wool, artificial silk, feathers, etc., owing
to the strongly alkaline character of the bath due to the sodium
sulphide.

Lodge and Evans showed that sulphur colours could be dissolved

in alkali sulphite solutions, but such solutions are incapable of dyeing
materials. If, however, the dye be reduced b}^ the addition of sodium
sulphide to the liquid in the presence of neutral ammonium salts, a

practically neutral bath is obtained in which woollen goods, furs, etc.,

can be dyed without risk of injury.*

Whilst it is too early yet to appraise the fall value of this inven-

tion, it obviously affords the possibility for a largely increased use of

dyes of this class.

Canarine (C3N3S3H ?) is a colouring matter containing sulphur,

which is formed by treating potassium thiocyanate with potassium
chlorate and hydrochloric acid. Its tinctorial power is slight, but it

possesses the peculiar property of being able to dye cotton direct

from an alkaline bath yielding fairly fast shades which are, however,
fugitive to light. It is no longer manufactured. More recently a

process has been patented by Goldberg, Siepermann and Flemming
for the manufacture of a somewhat similar product b}'' the action of

gaseous chlorine on potassium thiocyanate at 200° C. The same
colouring matter is also said to be formed by the action of sulphur

trioxide upon potassium thiocyanate.

f

Literature.

A comprehensive survey of this subject is given in Dr. Otto Lange's work,
Die Schtvefelfarbstoffe, ihre Herstellung und Verwendung (Leipzig, Spamer, 1912).

A useful summary of our present knowledge of sulphur dyes is given by Rowe {J.

Soc. Dyers and Colourists, 33, 9 (1917).

* E.P. 29852/13, 19473/14, 23386/14.

t Cf. Goldberg, Journ. /. prakt. Chem., 63, 465, 64, 439.
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Murexide.—This dye is the acid ammonium salt of Purpuric acid,

which is not itself known in the free state. It is formed by evaporating

a solution of uric acid with cone, nitric acid and then treating the

residue (alloxan and alloxantin) with ammonia. It dissolves in water

to a beautiful purplish -red solution, excess of alkali turns the solution

bluish-violet, whilst it is decolorized by acids.

Murexide has the composition: C8H4N5O6.NH4. Its constitution

has been the subject of numerous investigations. The most recent

formula is as follows :

/CO\^N\/CO\
HN C C NH

I I
II

I

OC C C CO
\NH/|\0/\NH/

ONH4

which offers, so far, the most satisfactory explanation of the peculiar

reactions of this substance.*

Murexide is, together with picric acid, one of the oldest artificial

colouring matters. During the middle of the" last centiiry it was
prepared in large quantities up to 2 cwt. per diem, from the uric acid

of "guano, particularly by Rob. Rumney, and found extensive applica-

tion. Since 1864, however, it has ceased to appear in commerce.
It was usually fixed by means of its mercury or lead salts which

form red lakes ; with a zinc mordant it gives yellow shades and with

a copper mordant 'yellowish-green shades.

Materials woven from animal fibres were usually first mordanted
with mercuric chloride and oxalic acid, and were then placed in the

dye-bath, or conversely the material was first impregnated with the

dye solution, which was subsequently fixed with the mordant. Lastly,

dyeings were also made in a single bath.

For dyeing cotton lead oxide was first precipitated upon the fibre,

which was then dyed and passed through a solution of a mercury

salt. Murexide was used to a very large extent in calico printing.

For this purpose the fabric was usually printed with a lead or mercuric

salt, after which it was fixed and dyed, or murexide and lead nitrate

were printed together, steamed, and then fixed with mercuric chloride.

f

* Piloty and Finkh, Ann., 333, 22 ; Journ. f. prakt. Chem., 73, 449.

t Applications in the textile industry, cf . Schutzenberger, Matieres colorantes,

I. 413.'
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THE DEVELOPMENT OF THE SYNTHETIC DYE
INDUSTRY

The first artificial colouring matters used for d^^eing textile fibres

were Picric acid (from phenol, 1849) and Murexide (from uric acid).

Rosolic acid was discovered in 1834 by Runge, who recognized

its dyeing properties, but it was only introduced into practice in 1859

by Persoz, of Guinon Marnas et Cie.

Runge also noted a number of colour reactions given by aniline,

which indicated that this substance might prove to be a source of

colouring matter i^ the future.

In most cases, however, it was not found possible to utilize these

d^^es or colour reactions on a commercial scale, the chief reason being

that the raw or intermediate materials needed for their production

Avere themselves too expensive. As a result only picric acid and
murexide were prepared technically, but the manufacture of these

substances can only be regarded as the forerunner of the actual

S3mthetic dye industry.

In 1856 the late Sir W. H. Perkin found that on oxidizing impure
aniline a violet dye was formed, and by this date chemical knowledge
had advanced sufficiently to render the question of its manufacture

a matter of practical politics. Benzene. was discovered by Faraday
in 1826 in compressed oil gas, whilst Hofmann had shown that it was
present in coal-tar, and his pupil Mansfield had Vvorked out the

details for preparing it by distilling tar on a large scale ; lastly,

Bechamp's method of reduction by means of iroit filings and acetic

acid offered a ready method for converting nitrated benzene into aniline.

We may therefore say that in 1856 all that was required in order

to convert the scientific discovery of the violet oxidation product of

aniline into a commercial success was to find the right man to carry

it out, and this position was filled by Perkin himself, who soon placed

his dye on the market as Mauve or Mauvein.

For these reasons the history of the synthetic dye industry is

always considered as beginning with the discovery of Perkin's Violet.

The extraordinary success of Mauve'in led of course to the carrying

out of many experiments by other investigators with a view either

to the production of other dyes by the oxidation of aniline or to the

improvement of the existing methods for the prejjaration of Mauve.
As a result Verguin was able to announce, in 1859, the discovery of

another new dye, Fuchsine, or Magenta, and the careful scientific

502
"
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investigation of this substance and the detailed working out of its

methods of production on a large scale served to a very large extent

to form the foundations upon which the present huge industry kas

been built up. The endeavour was made to find other oxidizing

agents to replace Verguin's stannic chloride, leading ultimately to the

discovery of the arsenic acid and nitrobenzene methods. Further,

in accordance with the very empirical methods of that period, aniline

was treated with every conceivable substance to see what would
happen, which resulted in the discovery, in 1860, of Rosaniline Blue

by Girard and De Laire (the first artificial blue dj^e), by heating

together aniline and Rosaniline. The formation of violet by-products

during the manufacture of Magenta had indeed already indicated

the possibility of a secondary reaction occurring between the aniline

and the rosaniline. The chief disadvantage of this dye, its insolubility

in water, was overcome by Nicholson in 1862 by converting it into

its sulphonic acid.

Hofmann succeeded in showing that the formation of Rosaniline

Blue was due to a process of phenylation, and he then endeavoured
to introduce an alkyl-, instead of a phenyl-, group into the rosaniline

molecule : by heating rosaniline with ethyl iodide he obtained a violet

dye, Hofmann's Violet or Iodine Violet (1863), the further action of

ethyl iodide leading to the formation of Iodine Green (1866).

By this date, therefore, a whole series of artificial dyes were known
of a brilliance and intensity hitherto unknown, and despite their very

high prices they were eagerly sought after. But their chief importance

lay in the influence which they exerted on the further development
of the industry.

Thus one result of the successful experiments on the alkylation

of rosaniline was to try the same reaction on aniline itself, which
resulted in the discovery of the highly imp'ortant dimethylaniline

by Ch. Bard}^ which, in its turn led to the production of Methyl Violet

(1866) and Methyl Green (1871).

. Methyl Violet, also termed Violet de Paris,* soon displaced Hof-

mann's Iodine Violet. The first artificial green dye, Aldehyde Green

(1862), enjoyed only a short-lived success, being quickly displaced by
Iodine Green, which in- its turn soon had to yield its place to Methyl
Green.

As we have seen, the earliest artificial violet and green dyes soon

disappeared, but none the less they exerted a very great influence

on the whole industry, for on the one hand they served to indicate

possible routes by which other new dyes might be obtained, whilst

on the other hand the methods of alkylation devised by Hofmann and
the original process of phenylation as carried out in the production

of Rosaniline Blue, have both retained their importance for the

synthesis of dyes.

Again, the scientific researches on the constitution of Rosaniline

constitute another important achievement ; the discovery of the

conditions leading to the formation of Rosaniline (Hofmann, Rosen-

stiehl), showed for the first time the important influence exerted by

* First isolated by Poirrier in Paris, whence the name.
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homology and isomerism, the immediate practical result of this being
the separation of aniline and its homologues oriho- and ^ara-toluidine.

The method of rendering a dye soluble in water by sulphonation,

first devised by Nicholson, only became of importance some years

later.

The colours of the Rosaniline group held the interest of practical

as of academic dye chemists for a whole decade, and no group of dyes
discovered later have exerted so great an influence upon the develop-

ment of the coal-tar dye industr3^

The discovery of Mauve and Magenta led also to the isolation of

certain dyes belonging to other groups : Chrysaniline was isolated

in 1862 b}^ Nicholson from the Magenta- melt, and its nitrate, Phos-
phine, as the first yellow tannin dye played an important part in the

dyeing industry. iSafranine was obtained by Perkin in 1863 as a by-

product in the manufacture of Mauvein and was also prepared by the

oxidation of impure aniline. The nitrobenzene process led Coupier

in 1867 to the production of the first water-soluble Induline.* The
scientific investigation of Rosolic acid and the production of dyes

from it was also a consequence of the work done upon Rosaniline.

Lastly the discovery of the Jirst thiazine, Lauth's Violet (1876), is also

due largely to the original production of Aldehyde Green by means
of thiosulphate.

To the same period belongs also the introduction of Aniline Black,

the discovery of the first azo dye, Bismarck Brown (Martins, 1863), the

isolation of two nitro dyes, Martins Yellow (1864) and Palatine Orange

(1869), and of Magdala Red (1868).

Meanwhile Kekule had evolved his benzene theory, thereby

inaugurating a new epoch in the manufacture of artificial dyes, the

earlier empirical attempts at discovering new dyes being replaced

by carefully thought-out synthetic methods.

The first case of such a procedure is that of Graebe and Liebermann's

synthesis of the natural colouring matter. Alizarin, in 1879, an almost

identical process having been devised independently by Perkin and
patented by him in England exactly twenty-four hours after Graebe

and Liebermann's application.

A further result of this synthetic method was that it led to the

introduction of two very important technical processes, that of sul-

phonation and that of the caustic soda fusion : this rendered possible

the commercial production of resorcinol, at that time known only

in the laboratory, and consequently also of Fluorescein (1871) and
of Eosine (1874). In this period, again, two derivatives of Alizarin

were discovered accidentally, namely. Alizarin Orange (Strobel and
Rosenstiehl, 1874) and Alizarin Blue (Prud'homme, 1877).

The chief interest of dye chemists was, of course, taken up with

the synthesis of Alizarin, but in 1876 representatives of a new class

of dyes, the Azo dyes, began to appear in commerce, the forerunners

of the largest individual class of colouring matters now known and one

destined to effect very great changes in the whole situation. The azo

* The first spirit-soluble Induline had already been made by Dale and Caro

in 1863.
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compounds had been discovered earlier by Griess and their structure

explained by Kekule ; certain dyes, also, belonging to this group
were already known, and one of them (Bismarck Brown) was on the

market. It was not, however, until the discovery of Chrysoidine, by
Witt and Caro in 1876, that the great technical importance of Griess'

method of preparing azo compounds was fully recognized.

At about the* same time Houssin prepared his " Oranges " from
sulphanilic acid and the naphthols ; they were dyes of considerable

technical value, and at the same time they gave an impetus to the

development of the technology of the manufacture oj sulphanilic

acid and of the naphthols.

A series of beautiful yellow to orange acid colours was soon produced
which set up a successful rivalry to the nitro dyes. At first it was
believed that only yellow dyes could be produced in the azo group,

but this limitation was shown to be incorrect by the discovery of

Fast Red by Caro in 1877, and independently by Roussin.

The important part played by the sulphonic group in all these

dyes was recognized for the first time and endeavours were now made
to apply Nicholson's method of sulphonating Rosaniline Blue to

other members of the same series, leading to the jDreparation of Acid

Magenta (1877), Acid Violet and the first Acid Green (1878), the last

named being formed by sulphonating Malachite Green, which was
discovered by 0. Fischer and Dobner in 1878.

In the year following the appearance of I'ast Red the Hochst
Ponceaux were discovered by H. Baum, which were extremely important

as being the first scarlet colours, and at the same time they ensured

the first ]>lace to the azo colours in the dye industry. The
two salts, " R salt " and " G salt," used in the production of the

Ponceaux showed for the first time the great importance exerted on
the dye character by the position of the sulphonic groups.

Shortly after the discover}^ of the Ponceaux the first red tetrazo

dyes such as Biebrich Scarlet made their appearance (Nietzki, 1878),

and as naphthalene derivatives were used exclusively for the pro-

duction of s.uch colours it led to the isolation of the first black azo

dyes such as Blue-Black (Glaser, 1882).

The first fundamental discoveries in the quinoneimine class of

dyes were madia towards the end of the 'seventies and the beginning

of the next decade, e.g. the discovery of the Indamines (1877) and
the elucidation of their constitution by Nietzki in 1883, the discovery

of the action of nitrosodimethylaniline upon amines and phenols

(Witt, Meldola, 1879), the discovery of the Eurhodines by Witt in

1885, and the investigation of Methylene Blue by Bernthsen (also in

1885) which led to the explanation of the constitution of the thiaziuQS.

The year 1880 saw the end of the long series of experiments on 3f^

the structure of Indigo carried out by Adolf Baeyer which led to the

artificial production of this type, easily the most brilliant of all the

dye syntheses.

To this period belongs also the discovery of the most important

nitro dye, Naphthol Yellow S (Caro, 1879).'

The introduction of phosgene into the technology of dye manu-
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facture by Ad. Kern during the 'eighties was responsible for considerable

developments in the syntheses of dyes.

The first of the so-called Phosgene colours was jH-oduced in 1883

under the name of Crystal Violet (Kern). The syntheses effected

with the aid of phosgene allowed of the production of numerous
symmetrical and unsymmetrical rosaniline dyes and led finally' to

the production of Auramine by Caro and Kern in 1884.

A similar influence was also exerted later on by introduction of

formaldehyde as a synthetic agent (1889) : with the aid of this

substance A. Leonhardt synthesized his Pyronines and numerous
acridine dyes, whilst in the triphenylmethane series it led to the

production of New Magenta (Hochst), Formjd Violet (C), etc.

To the same period belongs the discovery of Tartrazine (1884),

Rhodamine (Ceresole, 1887), Azocarmine (1888), the introduction of

the nitroso dyes and the oxazines, and the discovery of the Rosindulines

by 0. Fischer and Hepp.
Lastly, during the ninth decade of the last centurj^ two discoveries

were made which have had very great practical results. The first

was the discovery of Congo Red by Bottiger in 1884, the first represen-

tative of the direct cotton colours, a class of dyes which provided the

chief source of interest to dye chemists for a whole decade.

The second great improvement consisted in using fuming sulphuric

acid for the production of polyhydroxy-anthraquinone and-anthra-
quinoline dyes (Bohn, 1888 ; R. E. Schmidt, 1800). By these

means the Alizarin group of dyes was enriched by the addition of

a number of important blue and green mordant dyes, such as the

Alizarin Cyanines, Anthracene Blue, Alizarin Viridine, etc.

A third and very important technical achievement which also took

place during this period was the introduction of the method of forming

azo colours on the fibre, a process originating with Primuline (Green,

1888) and the patents of Read Holliday & Co. (1880), Grassier (1881),

and which has perhaps reached its zenith from the technical point of

view, in the production of Nitra^iiline Red.

The last decade of the nineteenth century was also of great impor-

tance for the dj^e manufacturer : it included the surprising and highly

important development in the anthraquinone series, leading to the

discovery of the first valuable acid dj'es of the anthraquinone series

such as Alizarin Saphirol, and of the alkyl and alphylaminoanthra-

quinones.

The latter period of the development of the coal-tar dye industry

includes three verj^ important achievements, the introduction of

synthetic Indigo (1897), the Sulphur colours (R. Vidal, 1893) and the

Vat colours.

The great problem of dye manufacture, the replacement of natural

by artificial Indigo, was finally solved by the lengthy researches con-

ducted by the Badische Anilin- & Soda-Fabrik and by the Farbwerke

Hochst, vorm. Meister, Lucius and Bruning after the expenditure of

a vast amount of labour and money. Synthetic Indigo is produced

to-day by K. Heumann's method at a price at which natural Indigo

can only compete with difficulty, but the adoption of improved
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scientific methods for growing and preparing natural Indigo may, of

course, render the situation mora favourable again for the natural dye.

The introduction of the so-called " Sulphur-melt " was extremely

prolific of results, and led to an energetic search for new and valuable

sulphur dyes bj^ the use of empirical methods which were very remi-

niscent of the early days of the coal-tar dye industry ; from the

financial point of view, however, the results were not very satisfactory

owing to the low prices obtained for the products. Nevertheless

the manufacture of sulphur dyes in general, and of Sulphur Black
in particular, has developed into an important branch of the dye
indust^3^ Some idea of the extent to which this class of colours has

been developed may be gathered from the fact that more than five

hundred patents have been taken out for sulphur dj-es. Further,

the progress of this branch of the colour-making industry led to an
increase in the number of technical benzene, and more especially

diphenylamine, derivatives which could be used as raw materials for

the sulphur-melt.

The first decade of the present century is remarkable for the

developments in the Vat-dye group. The Badische Anilin- & Soda-

Fabrik brought the commercial synthesis of Indigo to success in

1897, the Farbwerke Hochst followed suit in 1902 by means of the

sodamide process, and for a time it seemed uncertain whether any
further progress could be looked for in the vat-dj^e class, but in 1901

R. Bohn discovered Indanthrene, an extraordinarily fast vat-colour

of the anthracene series. Consequently dye chemists began to devote

their attention to this group of substances, and as a result of further

research a whole series of novel anthraquinone derivatives were
synthesized, many of which came into commerce as Indanthrene or

Algol colours. These extremely important advances were due very

largely to the work of R. Bohn and R. E. Schmidt, who were already

well known to dye chemists for their previous work in various branches

of the coal-tar colour indiistry.

In the Indigo class a remarkable and important discovery was
made by Friedlander in 1906 of the red vat-dye Thioindigo, the further

investigation of which led to the production of further indigoid vat

colours which now appear on the market as " Thioindigo," " Ciba,"
" Helindone," " Durindone " dyes, etc.

The preparation of vat colours such as the above, which in many cases

have very complex structures, is a clear indication of the present trend

of dye chemistry. Not only do thej' demonstrate what great strides

have been taken by chemical industry in being able to prepare such

products on a commercial scale, but they also are of interest as showing

the constant endeavours made by dye manufacturers to increase the

fastness of their d3'es. In the early days of the industr}'^ too little

attention was sometimes paid to the fastness of the colours, interest

being centred chiefly on their strength, brilliance and ease of applica-

tion. It is indeed a matter for surprise that dyes so little resistant

as Congo Red, for instance, should ever have come into commerce, and
even more remarkable is the success they attained in the textile industry.

The inevitable reaction against this state of affairs was bound to set



508 DYE CHEMISTRY

in sooner or later, and the dye manufacturers, recognizing the trend
of events, met the situation by producing vat colours. In recent years

also the same tendency is noticeable in the more modern azo dyes,

and latterly cotton azo dyes of excellent fastness have been placed

on the market. If it were only possible for the increased fastness

to be accompanied by a decreased cost, then all reasonable require-

ments of the dyeing industry Avould be satisfied. Unfortunately,
however, it is rarely that these two desirable ends can be attained as,

generally speakings increased fastness usually connotes greater expense
both in the cost of the dye and in the dyeing processes.

In considering the history of the development of the coal-tar dye
industry from its earliest beginnings to the present day, certain domi-
nating influences may be noted which have determined the lines of

development during definite periods. In the first period we may
observe a purely empirical but nevertheless successful search for new
dyes. Next, the development of the benzene theory by Kekule led to

a period of systematic work, the main object, however, still being the

preparation of new dyes regardless of the demands and requirements

of the practical dyer. It was only at a relatively later date that the

connection between the production and the application of dyes came
to Have a serious influence on the lines of development of dye synthesis.

Whereas in the early days the syntheses of new colours were carried

out for the most part purely from the chemical standpoint, at the

present time the tendency is to follow the developments and require-

ments of the dyeing industry and to endeavour to produce dyes satis-

fying certain practical demands.
Recently also the dye factories have quite rightly paid considerably

more attention to the fundamental properties of dyes, namely their

tinctorial properties and the behaviour of the dyeings obtained with
them. At the present time all the dye works carry out tests of the

relative fastness of their products to various influences, thereby
recognizing that onlj^ in this way can the ideal of the technical dye
synthesis be achieved, namely, the complete elucidation of the connec-

tion between the properties of a dye and its chemical constitution.

During the last few years, there have been few developments of

importance on the scientific or technical sides.

We may note the interesting and important researches of R.
W^illstatter and his pupils, upon the natural flower pigments which
have been shown to be benzopyranol derivatives closely allied to the

flavones and flavonols. Whilst the elucidation of the structure of

these substances and the synthesis of certain members of the sei'ies

is, for the moment, devoid of technical interest, the remarkable
influence exerted upon the colour of the product by relatively slight

alterations of the substituents may yet point the way to the synthesis

of other related dyes which might prove to be of practical

importance.

The synthesis of Curcumin (the colouring matter of Turmeric)

by von Lampe, and the researches of 0. Dimroth upon the constitution

of carminic and kermesic acids may be alluded to.

On the technical side the only outstanding feature during recent
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years has been the attention paid to the production of " co-ordinated "

metallic compounds of dyes, due to the desire both to simplify the

dyeing process and to increase the fastness of the shades obtained.

We see that in the early days of the industry, dyes such as Alizarin

were deposited upon previously mordanted material ; then came the

discovery of the after-chroming dyes, where the dyed material was
subsequently mordanted by treating with a chromium compound

;

next came the discovery of the so-called " Metachrome " and " Mono-
chrome " colours, where the fabric was treated simultaneously with

the dye and the mordant (ammonium bichromate) and now, last of all,

we find the dye works preparing actual metallic compounds of dyes,

notably those of chromium and copper, with which the rnaterials

may be dyed direct. In so far as such dyes are more resistant to

external influences, they should prove of great value if they can be

prepared and sold at siifficiently low prices.

One other technical achievement may be referred to, namely,

the Lodge-Evans process for producing substantially neutral solutions

of sulphur dyes, thereby permitting their use for woollen textiles, furs,

feathers and other delicate materials, though this, of course, concerns

the application rather than the production of dyes.

Much research has also been recorded upon the subject of vat

coloiirs, but here again no great step forward has been taken, the

products obtained conforming, for the most ptirt, to the usual types.

Special mention may, however, be made of the simple vat dyes deiived

from benzoquinones, and also to " Aceanthrene Green," which is

of interest on account of its clear e,merald green colour.

Whilst, therefore, there is little to record on the technical side,

the war has caused a complete revolution in the economic and com-
mercial aspects of the indu.stry.

At the outbreak of war Germany had practically a monopoly of

the world's dye industry ; thus in 1913, of a total world consumption

of artificial colouring matters amounting in value to £18,000,000,

Germany provided 74 per cent., in addition to one-half of the materials

needed to produce the remainder.

Tn Great Britain, over £2,000,000 worth of dyes were used annually

prior to the war, and upon an adequate supply of these artificial colouring

matters some £200,000,000 worth of textile industries were dependent.

Of this quantity of dyes about 90 per cent, came from Germany,
whilst less than 10 per cent, was of home manufacture and then largely

from imported intermediates.

The situation in this country therefore in August 1914 was
extremely serious, and as the result of representations to the Board
of Trade by dye consumers and representatives of the textile trades,

the Government decided to subsidize the industry by loan, the

ultimate outcome being the formation of a company, British Dyes
Ltd., with a capital of £2,000,000, the Government agreeing to

take up debentures according to the amount subsci-ibed, with a

limit of £1,500,000, and promising £100,000 towards establishing a

research department.

The first step to be taken was the jjurchaae of the assets of Read
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Holliday & Sons Ltd. of Huddersfield to form the nucleus of the
new company.

It was at once obvious that two problems had to be faced, first

the production of the maximum number and quantity of colourinj?

matters for use during the war, and secondly the erection of large

new works and plant for the purpose of meeting German competition
after the war.

To a certain extent the two programmes were antagonistic, but
it was clear that the solution of the after-war problem was to be
found in ensuring a satisfactory supply of intermediates at reasonable

prices, as upon this depended the entire future welfare of the industry.

As it has been estimated that some three-quarters of the capital

expenditure upon a dye factory is needed for plant and machinery to

manufacture the intermediates, whilst the actual production of the

finished colours is often of a relatively simple character not i^equiring

costly plant, it will be realized that the question of providing such
intermediates was of vital importance.

British D3^es Ijtd. therefore devoted great attention to the matter

and erected plant for this purpose, so that at the present date a large

number of the more important intermediates have been manufactured
by them and placed on the market.

It may be noted that the demand for high explosives during the

war, most of which are prepared from coal-tar products, necessarily^

delayed very considerably the development of the dye industry in

this country by requiring chemists, plant and raw materials urgently

needed for the manufacture of dyes, but as it served also to focus

attention upon the dye industry as a vitally necessary factor in the

scheme of defence of a modern nation, the situation was not without

redeeming features, and the experience gained in the economical large-

scale production of various intermediates such as dimethylaniline,

nitrotoluene, phenol and so on will doubtless prove of considerable

value in the post-war period.

As some 1,000 separate commercial dyes are known of which

about 400 were in general use before the war, the problem of producing

all these colours and the hundred or more requisite intermediates

is obviousl}^ a matter of time, but the success which has so far attended

the endeavours of British chemists augurs well for the future.

Whilst attention was largely centred upon the State-assisted enter-

prise of British Dyes Ltd., great progress was also made in the

manufacture of dyes and intermediates by other firms such as the

Solway Dye Company—now known as Scottish Dyes Ltd.—who havo

made a speciality of anthraquinone colours ; L. B. Holliday & Co.,

the British Alizarine Company, Brotherton & Co. and Levinstein Ltd.

of Manchester.

With assistance received from the Swiss manufacturers, particularly

with regard to vat-colours, it was possible to maintain a supply of

colours during the war to British consumers, who were enabled to

supply all classes of dyed goods for military and civilian purposes

and also to carry on an export trade.

In 1916 the Government exercised its powers under the trading
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with the Enemy x4.ct, and disposed of works situated at Ellesmere

Port and at Bromborough Port in Cheshire, owned by the Farbwerke

voTm. Meister, Lucius and Briining, and the Berlin Aniline Company
respectively. The Ellesmere Port establishment had been used by

the Germans before the war for carrying out the final stages in the

manufacture of synthetic Indigo in order that they might appear

to comply with the provisions of the Patents Act of 1907, the essential

materials being imported from Germany. The works and plant

were acquired by Levinstein Ltd., who established the manufacture

of the necessary materials on British soil and soon made available

large supplies of British-made synthetic Indigo.

The works at Bromborough Port were acquired by Messrs. Brother-

ton & Co. Ltd.

With the sale of these works, the winding up of many of the German
selling organizations in this country, and the issue of compulsory

licences to operate German-owned patents, the ground was further

cleared for British activity.

In order to strengthen the position further the two undertakings

of Levinstein Ltd. and British Dyes Ltd. were combined to form a

business of sufficient dimensions to render it strictly comparable with

some of the larger members of the great German cartel in the dye

industry.

The new company, known as the British Dyestuffs Corporation

Ltd., was formed in 1918 with an authorized capital of £10,000,000,

H.M. Government subscribing £1,700,000 to it. The Government
retains the right to nominate two members of the directorate, the

first appointments being Lord Moulton, the late head of the Explosives

Supply Dept. of the Ministry of Munitions, and Sir Henry Birchenough.

The company is the largest that has ever been established in Great

Britain for the manufacture of synthetic dyes, intermediates and
similar products, and is, in fact, one of the largest in the world, possessing

as it does two w.orks at Huddersfield (Turnbridge and the immense
new ones at Dalton), very large works at Blackley, and a smaller one

at Clayton near Manchester, and the synthetic Indigo works at Ellesmere

Port, whilst a splendid site for further developments has been acquired

near the last-named factory with a two-mile frontage on to the

Manchester Ship Canal.

At the same time the Government have undertaken to further

the development of the dye industry by means of financial assistance

to companies and firmi? in aid of developments, extensions and research

[cf. White Paper, Cd. 9194 (1918)].

The success which has so far attended these efforts may be gauged
by the fact that at the end of 1919 about four-fifths of the pre-war

demand for synthetic colouring matters was being met from home
resources.

The importance which is attached to the coal-tar dye industry

is shown by the fact that it came in for special treatment in the Peace

Treaty, the Allied Governments taking the view that it was only

fair to protect the interests of their national consumers by assuming
some control of the distribution of the German stocks of colours

and of a proportion of future production.
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The 'Peace Treaty invests the Reparation Commission with power
to demand delivery of one-half of the German stocks as they existed

on the day of ratification, and 25 per cent, of the normal production

for a period of five years.

In other countries also successful endeavours have been made
to create self-contained dye industries, France, Italy, Japan and
especially the United States, all having now flourishing dye industries.

As to the future it would be unwise to prophesy. The great German
colour firms, namely the Badische Anilin- und Soiia-Fabrik, Farben-
fabriken vorm. Fr. Bayer, Farbwerke Hochst vormals Meister Lucius

und Brlining, Aktiengesellschaft fiir Anilinfabrikation in Berlin, Cassella

& Co., Griesheim-Elektron, Kalle &, Co., and Weiler-ter-Meei- have united

to form a so-called " Interessengemeinschaft " to prevent overlapping

and unnecessary competition, and to offer a united front to the world,

whilst their combined capital has been greath^ increased.

In the United States also great strides have been taken, so that

America has now in the short space of five years converted an annual

import of some £1,500,000 worth of dyes into an exportable surplus

of about £3,500,000 ; for the most part these dyes are the commoner
varieties, whilst the finer and more modern vat colours are chiefly

absent, but here also it is only a matter of time for them to be

produced.

In any case the German monopoly has been completelj'^ and finally

broken, and we shall probably be safe in assuming that, in the future,

every civilized country will possess its own indigenous dye industry

capable of producing the greater part of the ordinary workaday colours

needed in its industries, whilst the imports will presumably be confined

chiefly to those finer and more modern dyes—vat colours and so on
—to which one country or another has devoted special attention

;

the position may possibly become similar to that obtaining, let us say,

in the liquor trade where each country produces the commoner beers,

wines and spirits that it needs, and imports only those specially choice

vintages and liqueurs which it finds itself unable or unwilling to

manufacture itself.

As regards the position of modern vat dyes, it Is significant that when
the Deutschland sailed to the United States in July 1916, and again

in October, it contained some 400 tons of dyes of this class among
its cargo,* thus indicating the determination of the Germans to retain

the monopoly, if possible, in this class of dyes and to hinder, so far as

thej' could, the development of the American manufacture of vat

colours.

The whole dye problem bristles with difficulties, scientific, technical,

commercial and economic, but we cannot here follow the matter further

than to emphasize the fact that the development of the dye industry

will, in the future, as in the past, be largely dependent upon the output

of newer, better and faster dyes and upon the cheapening of existing

processes. Both of these desirable ends can be attained only by
paying the greatest attention to research and by employing large

numbers of competent organic chemists.

No better augury for the continued success of the British dye

* Valued at about £160,000. .
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industry can be found than the very greatly increased interest which
is being paid in this country to chemistry, and to organic chemistry
in particular, and given a fair chance there is no reason whatever
to doubt that the synthetic dye industry in this country will soon be
established upon a firm and unassailable foundation and be capable

of satisfying all the needs not only of Great Britain itself, but also of

its Colonies and dependencies.
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THE NATURAL COLOURING MATTERS

In this group are included all those dyes and colouring matters
which occur in nature. Several of them are also prepared at present

by artificial means, such as Alizarin and Indigo : these will, however,
also be dealt with here as the commercial products are very different

to the sj^nthetic products and must accordingly be examined from the

technological as Avell as from the purely scientific point of view.

Until the discovery of the artificial dyes the natural colouring

matters were the only ones available for the dyer and textile printer.

Their practical value can best be appreciated from the fact that

many of them are still used in large quantities in spite of the great

number of artificial dyes now available. The cause of this is not solely

due to the conservativeness of the practical dyer, as is sometimes
assumed, but depends on the fact that so far no really satisfactory

substitutes have been found for some of them. In those cases where
efficient substitutes have been discovered it has not taken long for

the artificial product to replace the natural dye ; examples of this

may be found in the case of Alizarin, which speedily displaced the

very important natural dye, Madder ; vegetable Indigo is on the

way to disappearing,* the valuable dye Cochineal has had to give

way for most purposes to the cheaper Ponceaux ; Galloflavin

Alizarin Yellow, etc., have replaced Fustic; Cloth Red has ousted

Sanderswood, whilst Archil has been displaced for the most part

by quite a number of better synthetic colours.

But on the other hand, certain natural materials such as Logwood
and Catechu still retain much of their importance despite the com-

petition of quite a number of excellent artificially prepared substitutes,

and again, in the cases of the less important dyes Quercitron (for wool

dyeing) and Persian Berries (for calico printing), no completely satis-

factory substitutes have hitherto been found.

|

* Owing to the war and the temporary extinction of the German synthetic

Indigo trade, the natural Indigo industry has shown signs of revival and may yet

manage to hold its own by the adoption of improved methods of cultivation of the

plant and preparation of the dye.

f Owing to the great shortage of synthetic colours experienced in the early

days of the recent war, efforts were made to relieve the situation by extending the

use of the natural dye woods, and greatly increased amounts appear to have been

used during the past four years. For the most part only the older and proved

dye woods were used, but certain lesser-known materials such as Osage Orange-

tree wood were re-examined with a view to their further use, and some considerable

quantity of this wood came into commerce. With the restoration of more normal
514
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If we attempt to classify the natural dyes in accordance with their

practical importance we may subdivide them into three groups :

I. Logwood, Cutch and Indigo.

II. Persian Berries, Quercitron.

III. Cochiaeal, Lac-dye, Brazilwood, Sanderswood, Fustic, Archil.

In addition Madder, Weld, Turmeric, Camwood, Indian Yellow,

and Young Fustic have slight importance in certain localities, whilst

more recently other materials such as Osage Orange-tree wood have
become of some importance.

The majority of the natural colouring matters dye directly (Archil,

Turmeric, Safflower, Orleans) ; the molluscs which yield the '' Tyrian

purple," and the vegetable products Indigo, and Wood, contain the

vat dye Indigo or its derivatives ; the remainder are mordant dyes

(Logwood, Cutch, Quercitron, Persian Berries, Fustic, Weld, Indian

Yellow, Cochineal, Lac Dye, Madder, Brazilwood, Sanderswood, etc.).

Catechu and Sanderswood»can be used in addition for dyeing without

a mord.ant.

The natural colouring matters occur partly in the animal world

and partly in the vegetable kingdom, so they will be here subdivided

into these two classes.

A. DYES OF ANIMAL ORIGIN.

Tyeian Purple.

In the days of antiquity the famous Tyrian Purple was prepared

from certain shell-fish, and Avas known already at the time of Moses,

when it was regarded as a mark of royalty, whilst later on it was used

for the robes and vestments of high officials and church dignitaries.

About the twelfth century the method of dyeing the royal Purple

appears to have become a lost art, and was replaced by simpler

methods of dyeing.

The mode of using Tyrian Purple indicates that it was essentially

a vat-dyeing process. A species of vat was prepared from the juices

of certain marine mollusca : Murex brandaris, Murex trunculus, Purpura
hcemostoma, etc., in which the silken and woollen materials were dyed.

Contrary to the view sometimes held the " Purple " was not a red

but a violet, which was produced in different shades varying from

reddish- to bluish-violet.

From the earlier investigations of Bizio and others it was known
that the Purple contained a colouring matter similar to Indigo. More
recently the investigations of P. Friedlander have shown that oxidation

of the fluid contained in the glands of Murex brandaris yields a

product which was shown to be identical with ():6'-dibromindigo * :

conditions as regards the supplies of synthetic colouring matters, however, it is

unlikely that the increased use of natural dye woods will continue to any great

extent.

* Ber., 42, 765 (1909).
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c=c

It is as yet unknown in what form the dye is present, whether as the

leuco product or as an indoxyl derivative. It may be assumed that

the other shell-fish also contain similar indigoid dyes.*

Kermes, Cochineal and Stick-lac (Lac Dye).

These three products consist essentially of the dried bodies of

certain insects, of which Cochineal is by far the most important.

Owing to the similarity of the products and the close relationships

subsisting between the actual colouring matters, they can conveniently

be considered together.

Kermes.—This product, which is now but little used, consists

of the dried bodies of females belonging to some twenty different

varieties of Cochineal insects. Of special importance is the species

Coccus ilicis, which is found on the oak {Quercus Ilex), chietly in the

south of France.

Kermes was known from very early days, but was speedily displaced

in the sixteenth century by the more efficient Mexican Cochineal.

The dye contained in the Kermes insect, Kermesic acid, C18H12O9,

is related to the colouring matter of Cochineal, and is accompanied
by a minute quantity (about 0"06 per cent.) of a second acid, CisHgOe,

termed " Flavokermesic acid." f
Cochineal.—This consists of the dried bodies of the female Cochineal

insects, Coccus cacti. The animals, the dyeing poAvers of Avhich were dis-

covered in Mexico in 1518, live upon plants belonging to the Cactus

family, termed in Spanish " Nopal." Plantations of these laid out

for the purpose of cultivating the cochineal insects are known in

Mexico as " Nopaleries.'* The plants are harvested from time to time,

the insects thereon are killed bj^ heating in drying chambers and

are then sorted by sieving.

Two main varieties are found in commerce. White or Silver-grey

Cochineal, and Black Cochineal or " Zaccatilla."{

The latter Cochineal is the finer and is that chiefly used at present,

together with Madras Cochineal. Poorer qualities such as Granilla,

Cochineal dust and waste, are no longer commercially profitable owing

to the limited demands for the dye generally.

At the present time Cochineal is used to a slight extent for the

production of " Scarlet " and " Carmoisine " in silk and wool dyeing.
" Cochineal Scarlet " (the tin lake of Cochineal) was famous of old

* It has been calculated that the cost of preparing 1 kilo of dibromin4igo from
the shell-fish would be about £2,500. The dye industry could produce it at the

present day for a sovereign or so.

t Dimroth, Ann., 399, 43 (1913).

j Silver Cochineal consists of the bodies of the females before having laid their

eggs, whilst the other kind are those collected after they have laid and hatched

their eggs.
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and affords shades which, as regards beauty and fastness, are not

surpassed by any other dyes. In the majority of cases such scarlets

are now produced with the aid of Ponceaux, but if a really fast scarlet

is required recourse must still be had to Cochineal. It also enjoys

some popularity for culinary purposes, for colouring confectionery

and so on.

Actually there has been some increase in the use of this dye in

recent years, which has been accentuated during the war by the

shortage of synthetic dyes, with a corresponding rise in the price,

though the demand is still relatively small.

Preparations have been made from Cochineal which were formerly

of importance such as " Carmine Red," prepared by precipitating

the aqueous Cochineal extract with acids ;

" Carmine Lake " is the

alumina compound of the Cochineal dye ;
" Cochenille Ammoniacale "

was prepared by treating Cochineal with ammonia.
The coloured constituent of Cochineal, Carminic Acid, has the

formula C22H22O13, and was isolated as far back as 1818 by Pelletier

and Caventon, and has been frequently studied since then by chemists

such as Warren de la Rue. Hlaziwetz, Leibermann and his colleagues

Muller and Rhode, and latterly by Otto Dimroth,* to whom we are

largely indebted for the present state of our knowledge of the subject.

Lac Dye, Lac, Stick-lac.—The bodies of the lac-cochineal insect,

Coccus lacca, come into commerce imder this designation. The plants

upon which these animals subsist occur in Bengal, Hindustan,

Coromandel Coast, etc.f

Lac dye is never used alone but only in conjunction with Cochineal

to increase the fastness of the dyeings. Its behaviour is slightly

different to that of Cochineal : the colouring matter is much less

soluble, and only yields satisfactory shades with a tin mordant : on
alumina only unpleasant brown dyeings are obtained.

Lac dye is, therefore, of considerably less value as a dye than
Cochineal ; further, it contains a good deal of resinous matter which
is liable to cause stains on dyeing.

The pure dye contained in the lac is Laccaic acid, C2oHuOio, which
was very carefully studied by R. E. Schmidt ; it is related to Carminic

acid but is not identical with it ; more recent work by 0. Dimroth
and St. Goldschmidt has confirmed these facts.

{

Kermesic Acid, Carminic Acid and Laccaic Acid.—The essential

components, from the chemical point of view, of the three dyeing

materials just considered, namely Kermes, Cochineal and Lac, are

Kermesic acid, Carminic acid and Laccaic acid respectively.

Both in their manner of production and in their chemical and
physical properties these three dyes show great similarities ; it was
for long assumed that they were related to one another, and the recent

researches of Dimroth have shown that these assumptions were well

founded.

* Ber., 42, 1611 (1909) ; 43, 1389 (1910). Annalen, 399, 1 et seq. (1913); 401,

315 (1916).

t Cf. Jour. Royal Soc. Arts, Ixvii, 618 (1919).

I Annalen, 399, 62 (1913).
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For many years it was believed that Carminic and Kermesic acids

were naphthalene derivatives, this view being based upon the evidence

furnished by the oxidation products of the dyes, which were shown
to be complex naphthoquinone derivatives.

Dimroth, however, by applying the classical method of distillation

with zinc dust, which had rendered such good service in the case of

Alizarin, was able to prove the formation in both cases of notable

amounts of anthracene and methylanthracene, showing that the

acids were in all probability anthraquinone derivatives, which he

confirmed by later researches.

Kermesic acid, C18H12O9, on oxidation with hydrogen peroxide

and a trace of a manganese salt yields cochenillic acid which has also

been obtained from carminic acid ; this product has the structure

of a meto-cresol-tricarboxylic acid :

* HOOC

* HOOC^/NOH
COOH

As Kermesic acid is an anthraquinone derivative and possesses

four hydroxyl groups, and as moreover it is known from other evidence

that the carboxyls marked with an asterisk in the above formula

are derived from the oxidation of another ring, we have the structure :

CH3

(0H)3

C2H3O) \/\C(/\/\OH
COOH ' -

for the acid.

On reduction with zinc and acetic acid a trihydroxymethylanthra-

quinone is formed which is identical with the condensation product

from j3-coccinic acid (3-methyl-5-hydroxyphthalic acid) and hydro-

quinone, so that we get the following relationships :

OH CH3

/\ /C0\ A _
+

\/ \cO/\/\OH
I

OH
Hydro- /3-Coecinic acid,

quinone.

OH CH3 CH3

H0)3
) XVCOv/X

\^Ndc^V/^oh CH3C0

OH
3:5: 8-Trihydroxy-

a -methylanthraquinone.

\y\)o\/\0H
COOH

Kermesic acid.

It therefore follows that in Kermesic acid the fourth hydroxyl

must occupy position 6 or 7, whilst the C2H3O group, which must be
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present as the acetyl group, CH3CO, occupies the vacant position. We
have therefore the following possible formulae for Kermesic acid,

HO
OH CH3 OH

CH3CO

CH3"

0\/\

HO\/\.qA^OH
OH COOH

(11)

3:5:6: 8-Tetrahydroxy-7-aceto-a-

m3thylanthraquinone-4-carboxyIic acid.

CH3C0\/\c(y\/0H
OH COOH

(I)

3:5:7: 8-Tetrahydroxy-6-aceto-n-methyl

anthraquinone-4-carboxylic acid.

A comparison of the colour and absorption spectra of Kermesic
acid, hydroxyflavopurpurine (I : 2 : 4 : 6-tetrahydroxyanthraquinone,

III) and hydroxyanthrapurpurine (1 :2:4:7-tetrahydroxyanth^a-

quinone, IV) :

OH OH
/^^^^V^oH H0/^r^^A0H

Hov/\coAy
OH

(Hi)

x/^co^x
OH

(IV)

showed that there is a close resemblance between the hydroxyanthra-
purpurine (IV) and Kermesic acid, and it is therefore assumed that

formula (II) correctly represents the structure of Kermesic acid.

Carminic acid, C22H22O13, which is the chief colouring matter

contained in ordinary Cochineal, has a structure nearly related to that

of Kermesic acid but somewhat more complex.

As already noted, the work of Dimroth has shown it to be an
anthraquinone derivative, but owing to the fact that on oxidation

Carminazarin can be obtained from it, which is a naphthoquinone
derivative, it was for long believed to be a naphthalene derivative.*

The complete structure of the carminic acid molecule has not

j^et been determined, but the general configuration is no longer in doubt.

On oxidation with alkaline hydrogen peroxide (in presence of a

trace of a cobalt salt as a catalyst) a labile carminoquinone is first

formed and then finally a substance, C13H8O8, which was found to be

a naphthoquinone derivative which could be oxidized further to

Carminazarin by means of permanganate :

CHa

H0\/CO
C22H22O13

CH3

\0H

COOH
Carminic acid. Intermediate product.

HO/\CO/\/\OH

COOH
Carminazarin.

* Carminic acid is not unique in yielding naphthoquinone derivatives on oxida-

tion, as Dimroth has shown [Dimroth and Schultzo, Ann., 411, 339 (1916)] that
Purpurin can also be converted into a naphthoquinone derivative on oxidation.
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Carminazarin has been shown to be l-methyl-3:6:7-trihydroxy-

5 : 8-naphthoquinone-4-carboxylie acid, which has been confirmed by
the researches of Rhode and Dorfmiiller * on another degradation

product of carminic acid, j8-bromcarmine, which is also a naphtho-

quinone derivative.

On fusion with potash Carminic acid yields Coccinine,f which can
then be oxidized to Coccinone by means of air, this product being

reconvertible into coccinine on reduction. Further oxidation of

Coccinone by means of alkaline hydrogen peroxide leads to the formation

of Cochenillic acid as the chief product, which is a meto-cresol-tricarb-

oxylic acid of the following structure :

CHs

HOOC\A

HOOC/\y\OH
COOH

(It will be recalled that this acid is also obtainable from Kermesic

acid, thus indicating the close relationship between the two dyes.)

This fact in conjunction with the formation of Carminazarin

noted above establishes the existence of the complex :

CH3

\Ac(K\X\OH
COOH

in the molecule of Coccinine and Coccinone, and Dimroth has therefore

suggested the following formulae for the substances :

CH3 CH3 CH3

CH3|/N/C0\/\ CH3|/\/ CH \/\ CH3|/\/C(0H)\/-s,

(OH)2'U\coA/\OH (0H)2
* \/\c(OH)/Y^OH (0H)2)U\ CH A/^OH

COOH COOH COOH
Coccinone. Coccinine.

It is assumed also that the remaining carbon atoms of the carminic

acid molecule which are lost in the alkali fusion are arranged as a

side-chain, the structure of which is as yet undetermined.

Laccaic acid, the colouring matter of Stick-lac, is of slight im-

portance, but is of interest owing to its relationships to the two

foregoing dyes. It has the formula C2oHuOio and is also fairly certainly

an anthraquinone derivative. It yields a series of derivatives which

closely resemble those obtained from Carminic acid.

* Ber., 43, 1363 (1910).

t H. Hlasiwetz and N. Grabowski, Ann., 141, 329 (1867). i
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Oxidation with alkaline hydrogen peroxide gives Calaic acid,

C18H14O11, which contains three carboxyl groups ; on bromination
of this acid ^-bromlaccain is formed, Ci2H50aBr, which jaelds

a-bromlaccain on further bromination. These substances probably

have the following formulae :

COOH

HO\vCOy^/COOH

BrAc;o/\/\HO

/3-Bromlaccain.

BraC

COOH

/Br

\CO^/NOH
I

Br
a-Bromlaccain.

so that there is little doubt that the molecule of laccaic acid contains

the nucleus :

C

X/^CO^\y\OH

Indian Yellow, Piuri, Purree.

This product has already been described under the Xanthones

(p. 296). It is obtained from the urine of cows which have been

fed on Mango leaves. According to recent reports the Indian

Government have now forbidden cows to be fed on these leaves, as

they are injurious to the animals. Indian Yellow is hardly used at

all in the textile industry, but is utilized to a slight extent in

painting.

B. DYES OF VEGETABLE ORIGIN.

WoAD {Fr. Pastel, Ger. Waid).

Before the introduction of Indigo, obtained from various species

of Indigofera, the plant Isatis tinctoria was cultivated to a

considerable extent in Europe by virtue of its slight content of

Indigo, which was used for dyeing blue'.

Woad comes on the market in rough spherical masses about the

size of one's fist, but at the present time it has only a verj' limited

application as a fermenting agent in the so-called Woad-vat. The
colouring principle of woad leaves differs from that contained in the

IndigofercB and resembles indoxylic acid in its general reactions.

Indigo.

Occurrence.—Indigo occurs both in plants and—to a very limited

extent—in human and in animal organisms.

Indigo is contained in quite a number of plants belonging chiefly
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to the species Indigofera, of which I. tinctoria and /. psevdotinrtoria

are the most important ; the former plant yields the largest quantity

of Indigo, whilst the latter affords the best quality.

Extraction of Indigo.—As the Indigo plants only flourish in tropical

regions, the colouring matter can only be satisfactorily extracted in

such countries as India (Bengal), Java, Guatemala, China, Africa

(Egypt and Senegal), etc.

As far as concerns Europe, only the Indigo obtained from India,

Guatemala and Java is of importance ; their one-time importance
has, however, been continuously diminished by the steady competition

of synthetic Indigo, so that the annual production of vegetable Indigo,

which before the introduction of the synthetic dye was about 9,000 tons

valued at about £2,800,000, has greatly fallen off.*

During the war, however, the demands for Indigo and the cutting

off of German supplies have given a new lease of life to the natural Indigo

industry, which with suitable scientific supervision of the agricultural

and manufacturing processes, may be able to hold its own again with

the synthetic dye.

The Indigo plants are grown in special fields. They are cut just

at their flowering time, which occurs a few months after they are sown,

as it has been found by experience that the maximum yield of Indigo

is obtained at this period. Several crops—usually three—may be

cut each year according to the climate.

The cultivation of Indigo is very troublesome, and the final yield

of Indigo varies considerably, as the Indigo-content of the plants

depends upon numerous circumstances such as climate, condition of

the soil, etc. Generally speaking, the yield of Indigo depends upon
the output of leaves, since these portions of the plants contain the

most dye.

After the crop has been gathered the plants are usually brought

at once to the factories to be worked up in the following way : the

plants, done up in bundles, are first placed in so-called steeping-vats

where they are put into water and left for some time.

This operation, which is termed the fermentation, is for the purpose

of getting into solution the " Indican," which is the substance contained

in the plant from which the Indigo is derived.

It was believed for some time that Indican was a compound of

Indigo white and glucose, but later investigations, notabl}^ those

carried out by A. G. Perkin and his collaborators, f have established

the fact that it is a glucoside of indoxyl of the formula :

CuHnOeN-f 3H2O

It was also thought that the Indican was split up during the fer-

mentation process in the steeping-vat, but according to H. Molisch

and van Lookeren-Campagne it is due to the presence of a particular

enzyme in the leaves.

* Cf. Chem. Ztg., 1904, 320; 1905, 904; 1906, 549; also pp. 412-13.

t Trans. Chem. Soc, 91, 1715 (1907), 95, 795 (1909) ; J. Soc. Chem. Ind., 26,

1174 (1907).
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After a certain lapse of time practically the whole of the Indigo,

which was contained in the plants as Indican, has gone into solution

in the water of the steeping-vat in the form of an Indigo-leuco com-
pound.

This process of lixiviation must only last for a certain definite time :

if the " fermentation " takes too long the quality of the Indigo depre-

ciates, whilst if too short some of the Indican remains unextracted in the

plant.

As soon as the extraction process has gone on for a sufficient

length of time, which is determined by various indications such as

the smell, colour and taste of the liquid, by the blue foam which
covers the surface, etc., the steeping-vat liquors are run out into a

series of deeper vessels, the beating-vats.

As the liquid is a solution of an Indigo-leuco compound, it is now
merely a matter of converting this into fndigo by oxidation.

The oxidizing agent used is atmospheric oxygen, the process being

carried out by beating the yat liquors with sticks or by means of

rotating paddles, wheels, buckets, etc., thus bringing the liquid into

intimate contact with the air.

After a short time all the Indigo separates out in an insoluble

form, but the beating is continued for a while in order to convert the

dye into a form which will settle out quickly and completely. As
soon as this has been done the clear, supernatant liquid is run off and
the Indigo filtered off.

After this it is usually boiled up, filtered, pressed and finally cut

in pieces and dried.

The drying must be carried out very gradually and cautiously

in special drying houses, which must be well ventilated and shady.

The more slowly the Indigo is dried the finer will be its structure,

the more easily it can be ground up and the more readily in consequence

it will go into solution in the dye-vat.

By this method 100 lb. weight of dried plants will yield 1| to

2 lb. Indigo.*

The Different Varieties of Indigo.—As already mentioned, the only

brands of natural Indigo which come into the European markets

are those obtained from Bengal, Java and Guatemala. The most
important of these is Bengal Indigo, the other kinds being of less

significance. JCaeh of thes'e three main groups, again, include a con-

siderable number of more or less valuable varieties the value of which
depends for the most part on the condition of the soil on which the

plants have grown.

It therefore frequently happens that two factories situated quite

near to one another will make products which exhibit considerable

differences from each other. Indeed it is not possible for any given

factory to produce alwa3^s a uniform Indigo. In general, however, the

Indigo prepared in a given locality usually has a more or less definite

character.

In Bengal, for example, where the largest amount of Indigo is still

* For further details, see The Natural Organic Colouring Matters, by A. Q.

Perkin and A. E. Everest, pp. 475-523.
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made, it is a well-known rule that the more westerly the situation

of a given factory, the poorer in quality is the Indigo produced. The
best varieties of Indigo are prepared in the provinces of Lower Bengal

and Berar ; less valuable qualities come from the more western regions

of Benares, whilst the poorest brands are Doab and Oudh Indigo

obtained from the provinces lying west of Benares.

To facilitate their classification the Indigos are divided up according

to the districts and provinces in which they are produced, and in

some cases also they are provided with marks which indicate

their origin.

This method of classification has only been carried out fully in the

case of Bengal Indigos, of which there were some 300 different brands

about twenty-five years ago ; only a few of the Java Indigos are given

special marks, whilst those from Guatemala are without any such

distinctive signs.

Bengal Indigo is the most important. The production and sale

is practically entirely in English hands. It is sold in the form of

prismatic cakes, bearing some distinctive mark, all of which show

the reticulated surface bf the linen upon which the dye cakes have

been dried.

The best varieties show a purplish-blue reflection from a freshly

broken surface, the poorer varieties being pale blue.

The reddish-violet and somewhat harder kinds are specially sought

after for vat dyeing.

Java Indigo is prepared and sold by the Dutch. It is quite the

finest kind of Indigo and contains very little ash and extractives.

The cakes do not show a reticulated surface, are very light and show
a peculiar and characteristic golden iridescence on the freshly broken

surface. The word " Java " is imprinted upon each cake.

It is not always of high tinctorial value, as adulterants are often

added fraudulently for the purpose of increasing its specific gravity.

More recently a very reddish Java Indigo has been produced by

the " warm-water process," which contains 10 per cent, and more of

Indigo Red.

Guatemala (or American) Indigo.—The greater part of this is of

the very poorest quality and is then termed " Sobre saliente "
; the

" Vielores," however, are .sometimes as fine as the best Bengals.

It comes into the market as irregular lumps which possess certain

rounded surfaces, looking as though they had been turned on a lathe.

Another characteristic of this Indigo is the so-called " green coat,"

i.e. a fine film of greenish colour which can be seen on portions of the

surfaces of some pieces.

Valuation.—The value of a sample of Indigo depends in the first

place upon the kind and amount of the impurities, which are contained

in varying amounts in all brands, since Indigo Blue itself, termed in its

purest form Indigotin, is a uniform substance with definite and un-

alterable properties. It occurs in commercial Indigo in very varying

amounts : the best kinds contain 70-90 per cent., medium varieties

40-50 per cent., and the poorest 20 per cent, and less. The other

constituents are Indigo Red, Indigo Brown, Indigo Gluten, Water (3-6
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per cent.), and ash, the last named consisting chiefly of
.
calcium and

magnesium carbonates, together with some alumina and iron oxide.

If the Indigo is not boiled during its preparation it contains in

addition a yellow extractive matter, and has a somewhat more
greenish tinge.

Frequently Indigo is adulterated by means of elutriated clay and
earth, ashes, slate dust, powered brick, gum, etc., which are in-

corporated either with the finished Indigo or are added during the

process of manufacture. A frequent method of adulteration consists

in the addition of a poor quality to a good quality Indigo.

The class and value of an Indigo sample are determined by the

dealers and dyers for the most part by physical characteristics. This

method is, however, very difficult and can only be attained by years

of experience ; even then this mode of estimating the value cannot

always be depended upon and should always be combined with a

quantitative estimation carried out by chemical means.

The chief criterion for settling the value of an Indigo is its structure.

This should not be granular, but of a fine pasty consistency' ; the

Indigo should be compact but of low specific gravity and not hard.

The finer qualities are " open," i.e. their broken surfaces are of

a soft mealy consistency and are covered by a fine film ; the far less

valuable varieties are the " closed " Indigos.

Low specific gravity is a good indication of a valuable variety of

Indigo, but at the same time it must be remembered that quite good

brands of Indigo are frequently loaded up.

The purer an Indigo is the more readily it will burn ; it should

be quite dry and brittle ; its colour should be a fine blue or reddish-

blue, and more intense on the broken surfaces than on the outside.

For the chemical methods of estimating Indigo, see Perkin and
Everest, Natural Organic Colouring Matters, pp. 504, et seq., and
The Chemical Technology of Textile Fibres, by v. Georgievics

(London : Scott, Greenwood & Son).

Historical and Methods of Application.—Indigo was first brought

from its native place, India, to Europe in the sixteenth century, namely
to Holland. The woad growers placed great difficulties in the way
of its introduction ; indeed its use was at times forbidden by law.

Since the beginning of the last century it has come into very general

use and has indeed become practically the most important dye we
possess. It is used for dyeing* cotton and wool from a " vat." By
this means blue dyeings are obtained which are amongst the best

obtainable.

Literature.

Monograph on Indigo, by G. v. Georgievics (Fr. Deuticke, Leipzig and Vienna).

Der Indigo und Seine Konkurrenten, by F. Felsen (Berlin, 1909).

The Natural Organic Colouring Matters, by A. G. Perkin and A. E. Everest

(London, 1918).

Madder {French Garance ; Ger. Krapp).

This product has been used from very ancient times for the pro-

duction of the so-called " Turkey Red," and, until the introduction of
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artificial Alizarin, was of very great importance. From 1860 to 1870

the yearly production of Madder averaged 70,000 tons, worth about

£3,000,000 to £3,500,000 ; but by the end of the 'seventies its use had
become so limited that it no longer paid to grow it ; at the present

day it finds very slight application for certain special processes in wool

dyeing and for the production of Madder lakes for artists' colours.

Madder consists of the ground-up root of the plant Rubia tinctorum.

An important constituent of this, Ruberythric acid, was first obtained

in crystalline form by Rochleder ; it is a glucoside, and on treatment

with acids is split up into Alizarin and a sugar. Alizarine was first

prepared in a pure condition from Madder-root by Robiquet and
Colin.

In addition Madder contains Purpurin, Pseudopurpurin (Purpurin

carboxylic acid), Munjistine or Purpuroxanthinecarboxylic acid (from

Indian Madder), Xanthin, (Kuhlmann), probably a mixture of several

yellow dyes, Chlorogenin (Schunck) or Rubichloric acid (Rochleder),

a substance yielding a green dye on hydrolysis
;

glucosides, sugar,

gums, etc.

The greater fastness of the Madder lakes, as compared with those

derived from artificial Alizarin, is attributed to the presence of Pseudo-

purpurin or Purpurincarboxylic acid. This has now been prepared

synthetically by Fr. Bayer & Co., by the oxidation of Alizarin-3-

carboxylic acid, by which means also its constitution is confirmed.*

In order to increase the value of the root as a dyeing material

both qualitatively and quantitatively, it was formerly the custom to

submit it to the action of acids, steam, etc., various " Madder pre-

parations " being obtained in this manner ; further, by treating the

root with various solvents, " Madder Extracts " were prepared. Such
products played an important part in calico printing for a considerable

time.

According to a process due to Kopp, the glucosides contained in

Madder are brought into solution by means of sulphurous acid ; on

heating to 50°-60° C. the Purpurin or Pseudopurpurin separates first,

whilst the Alizarin, which is rendered impure by the presence of green

dye (for which reason it was termed " Green Alizarin "), is only formed

on boiling, by the decomposition of the Ruberythric acid. The Alizarin

was extracted by means of tar oils, the resultant solution shaken with

alkali and the Alizarin precipitated from the alkaline solution by
means of acids. The extracts prepared in this manner by Schaaf

and Lauth, and also by Meissonnier, were used for a long time until

they were driven out by artificial Alizarin.

At the present time, as already mentioned, Madder is of but slight

importance, arid it will suffice to mention that tl^e poorer qualities

were usually termed "Reds," two varieties being distinguished,

namely Summer Madder and Autumn-Madder, according to the

period of the year when they were gathered.

Historical.—Madder has been cultivated in the Levant from the

very earliest times, the Egyptians, Persians and Indians all having

been acquainted with its use. The Madder-roots were brought from

* Cf. also D.R.P. 260766, 272301.
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the Orient to Italy (Tuscany) as " Lizari " or " Alizari "
; about the

middle of the sixteenth century the Dutch began to cultivate the

Madder plants. Later, Madder culture was introduced into Alsace

by Karl V, and into Avignon by Colbert, finally it reached Northern
Germany. During the most flourishing periods it came chiefly from
South France, Alsace, Sicily, Tuscany, Austria-Hungary, Holland,

Schleswig, Bavaria, Caucasus, East Indies, North and South America,

Algiers, etc.

During the Middle Ages the Madder-root was known as " Verancia "

or " Varancia " (from vero=true), from which the French name " Gar-
ance " is derived. Whether the German name " Krapp " has the

same derivation is doubtful.

Of the various " Madder preparations " noted above, the most
important were the so-called " Flowers of Madder " (Krapp-blumen),

or " Fleurs de Garance " (Julian & Roquer, 1851). They were pre-

pared by placing the ground-up root in slightly acidified water and
allowing it to ferment for a time ; alcohol was obtained from the

solution. A product of higher tinctorial value but of less handsome
appearance was prepared by boiling the " Flowers of Madder " with
fairly strong acids : it was given the name Garancine. In a similar

manner Garanceux was prepared from old dye liquors. Pinkoffin

or Alizarine Commerciale was obtained from Garancine by the. action

of superheated steam ; it was specially suited for the production of

violet shades (Schunck and Pinkoff, 1852).

Logwood

(Campeachy Wood. Fr. Bois de campeche ; Ger. Blauholz).

This extremely important dyeing material is composed of the

wood of the trees belonging to the species Hmmatoxylon campechianum,
which flourish in a wild state particularly in Central America, Jamaica,
Domingo, Haiti, Cuba, Martinique, etc. In recent years has also been
cultivated.

The Spaniards were the first to become acquainted with Logwood
;

they termed it " Palo Campechio," from Campeche Bay in Mexico,

whence it was principally obtained. It appears first to have been
imported into England during the reign of Queen Elizabeth, where,

however, its use, like that of Indigo, was forbidden by law. Never-

theless in spite of these difficulties Logwood soon attained to a very
important place in the dyeing industry, which it still retains even at

the present day.

Its chief use is for dyeing black on silk and wool and for producing
a bluish shade (Logwood Blue) upon wool ; it is also used to some
extent for cotton blacks. Further it is made use of in calico printing,

and also to a certain degree in cotton dyeing for the production of

mixed shades, e.g. brown, grey, etc. Its position has been assailed

mainly in the dyeing of cotton and in calico printing by Aniline Black,

by various direct colours and by sulphur dyes. For these purposes

it is used much less than formerly. In wool printing it has been com-
pletely replaced by Naphthol Black (C.) and similar dyes. It still retains
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its importance, however, to a considerable extent for woollen blacks,

though here also synthetic dyes are used to a great extent and the

demands for logwood in Europe during the last decade have diminished

somewhat.
For dyeing silk black and for calico printing it is still without a

superior.

The most important varieties of Logwood are : Campeche, Jamaica-
Domingo, Haiti, Yucatan, and Honduras Logwood.

The finest varieties were the Campeche woods, and of these, again,

the most prized was the Laguna Logwood, but supplies of these are

now practically exhausted. The less valuable Yucatan, Campeche
and Honduras Logwoods are in special demand for the preparation

of Logwood extracts ; at the same time Laguna is also extracted

to a considerable extent, the extracts or their specially purified

products being known as " Hsematein."

Roots are also used for the preparation of extracts, chiefly those

from Jamaica.

Of the Domingo woods, the first qualities are the Morant and
Morant Bay ; the variety known as Fort Liberte is also of some im-

portance ; inferior qualities, particularly the better varieties of Monte
Christo (the so-called Sabanete) are frequently used for dyeing wool.

Lastly, of the Haiti Logwoods the St. Marc and Artibonite qualities

are those which chiefly come into the market.

As with the different varieties of Indigo, so also in the case of Log-

woods the real value cannot always be estimated simply from the

market price, as this is determined not only by the quality of the dye-

wood but also by the cost of carriage and other circumstances. Further,

the classification of Logwoods noted above, in which the Campeche
woods are given the premier position, does not always hold good ;

for instance, good qualities of Fort Liberte are not infrequently preferred

to various Campeche varieties.*

Under the name of Indigo Substitute, an extract is sold which
is coloured blue as distinguished from the usual brown Logwood
extract ; it is prepared from the latter by treatment with chromium
salts and oxidizing agents.

Noir reduijt is the name given to a product much used in calico

printing which is prepared in the following manner : Logwood extract

is stirred up with some acetic acid and is then treated with a few per

cent, of potassium bichromate (10 per cent.) ; the resultant black

lake is then brought into solution with the aid of sodium bisulphite.

Occasionally additions of chrome-alum, etc., are made. The products

prepared in this way are then thickened, and give an excellent steam

black for cotton. Those preparations made with the addition of

an iron mordant (e.g. ferrous sulphate) have the peculiarity that they

can be fixed on cotton with only quite a short steaming. Hitherto

all attempts to replace these products by artificial dyes have failed.

The action of cone, sulphuric acid on Haematein yields Isohsema-

* The extraction and fermentation of Logwood is described in the volume,

The Chemical Technology of Textile Fibres, by G. v. Georgievics (London : Scott,

Greenwood & Son).
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tein, which after bringing into solution by means of bisulphite yields

ast brown shades.

Chemistry of the Logwood Dye.—The coloured principle of Logwood,
termed Hcematoxylin, occurs therein as a glucoside, that is to say as

a loose compound with a sugar.

Haematoxylin has an acid character and is readily converted

by oxidation into the actual Logwood dye, Hcematem. This trans-

formation takes place even by allowing an ammoniacal solution of

Haematoxylin to stand exposed tb the air, as shown by the purple

coloration. Hsematein itself is very sensitive to the action of oxidizing

agents and is then readily converted into products which dye muddy
brown shades. Due regard must be paid to this circumstance during

the " fermentation " of Logwood. It is not reconverted into Haema-

toxylin by the action of reducing agents.

Hsematein is an adjective dye ; its own colour is so slight that

without mordants only a pale grey can be obtained on wool. With
those mordants in practical use the following shades may be obtained :

With Tin mordants .

With Alumina mordants
With Chrome mordants.
With Iron mordants
With Copper mordants .

Violet

Blue

Blue-black

Black

Greenish-black

As regards the other chemical properties of the substance the

following facts may be noted : Haematoxylin was first isolated by
Chevreuil, and was prepared in a pure state by Erdmann by extracting

Logwood with ether ; it has the formula C16H14O6-I-3H2O. In solution

it is strongly dextro-rotatory. It forms colourless compounds with

bases, which show a great tendency to become coloured. On boiling

with potash, formic acid is produced ; on fusing with potash pyrogallol

and pyrocatechol are formed, as also on dry distillation.

Hsematein has the formula C16H12O6 ; it forms reddish-brown

microscopic tables with a greenish-yellow metallic lustre.

For constitution of this substance see page 313.

Redwood

(Brazilwood, Sapanwood, Peachwood. Fr. Bois de Fernambouc

;

Ger. Rotholz).

These woods are derived from various kinds of Ccesalpines which
belong to the species Leguminosce. They occur in South America,

the Antilles, Jamaica, in the eastern parts of Asia (Sappanwood), etc.

The Pernambuco variety is the best, whilst Costa Rica and Sappan
Ceylon are of poorer quality.

At the present time Brazilwood has only a slight application in

calico printing in the form of extract, and in cotton dyeing for

producing mixed dyeings. During the last decade imports into

Europe have diminished considerably.

The colouring matter is chiefly fixed by means of chrome mordants
yielding reddish-brown shades, and also to some extent by alumina
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mordants which afford bluish-red dyeings. These shades lack fastness
and are used chiefly on account of their cheapness.

The colouring principle of Brazilwood is very similar to that
of Logwood. It has the name Brazilin (CieHuOs), and, like Hsema-
toxyline, is converted on oxidation into the actual dye, Brazilein. An
Isobrazilein has also been prepared, and has recently been synthesized
by Robinson and Crabtree.*

Brazilein, C16H12O5+ H2O, forms reddish-brown platelets with a
greyish metallic appearance ; it is formed from Braziline in the same
way that Haematein is formed from H8em9,toxylin.

For constitution see page 313.

Sanderswood

(Camwood, Barwood, Santalwood. Ger. Sandel).

These woods are derived from various species of Pterocarpus and
Baphia. and are but little used. The most frequently used is Sandal-
wood or Sanderswood, also known as Kaliatur (from the East Indies),

which finds some application in wool dyeing especially for topping
Vat blue. It has, however, been replaced to a large extent by the
various brands of Cloth Red (CE., By.) and by other dyes.

These dyeing materials might also be termed Redwoods, but they
differ considerably in their dyeing and chemical properties from the
Redwood already described. Owing to the relative insolubility of

the colouring matter, the woods cannot be used for the manufacture
of extracts, and is most conveniently fixed on wool fibres by the
" Saddening process."

Formerly Barwood was used with a tin mordant for the production
of an imitation Turkey Red on cotton. A similar shade is produced
noAvadays by means of Santalwood : it is distinguished by its fastness

to acids.

Santalin, C15H14O5, was first isolated from Sanderswood by Pelletier
;

it was also examined by Meyer Weidel and others. It may be pre-

pared analogously to Haematoxylin. On oxidation it yields oxalic

acid, acetic acid, and vanillin (?). When treated with hydrochloric

or hydriodic acid, methylchloride or methyliodide is split off, showing
the presence of methoxy groups. On submitting the demethylated
product to a zinc-dust distillation anthracene is formed (Grandmougin).

Weidel prepared the colourless Santal, C16H12O6+H2O, from the

wood.
More recently J. C. Cain and J. L. Simonsen have again investi-

gated Santalin. "j" It yields a diacetyl and a dibenzoyl derivative,

and a dimethyl ether ; on oxidizing this ether anisic and veratric acids

are the chief products, pointing to a fairly simple constitutional

formula.

Quercitron Bark.

The bark of Quercus tinctoria contains an adjective dye which yields

fine orange yellow shades with a tin mordant, alumina and chrome

* R. Robinson and H. G. Crabtree, Trans, Chem. Soc, 113, 859 (1918).

t Trans. Chem. Soc, 101, 1070 (1912).
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mordants, affording greenish-yellow lakes of fairly good fastness. It

is chiefly used, in the form of an extract,* in calico printing, either

alone or together with tannin, or Alizarin colours for the production

of a variety of shades. Quercitron is also used for dyeing cotton and
wool, in the latter case being used chiefly in the form of Flavine {v.i.).

Quercitron contains a glucoside, Quercitrin, which is hydrolysed

by acids into Quercetin, the actual colouring matter (cf. section on
Flavones, p. 308), and rhamnose.

In the United States a product is prepared from the Quercitron

bark, which comes into commerce under the name of Flavine,'\ and is

used to a considerable extent in wool dyeing under this designation.

Its brilliant yellow tin lake is the best yellow for wool ; it is utilized

either alone or for yellowing Cochineal Scarlet.

As Flavine is the chief component of Quercetin the former behaves

quite similarly to Quercitron but is a more valuable dye than this.

Its tinctorial power is some sixteen times greater than that of

Quercitron, and its dyeings are much purer, as it contains no tanning

matters. {
For the production of the valuable Flavine the Quercitron bark

is boiled up with alkaline reagents (soda or ammonia). In this way
a solution of quercitron is obtained ; to this hydrochloric or sulphuric

acid is added in quantity insufficient to neutralize the alkali com-
pletely, and is then boiled up, by which means the Quercitrin is split

up into Quercetin and rhamnose. The Quercetin which separates

out is removed by means of filter presses. The yield of dry Flavine

varies from 4 to 10 per cent, and depends chiefly upon the manner
in which the hydrolysis of the Quercitrin is carried out. The usual

adulterants are ground bark, common salt and Glauber's salt.

Persian Berries

(Buckthorn Berries, Yellow Berries. Ger. Kreuzbeeren, Gelbeeren).

An extract is prepared from the dried unripe fruits of certain

species of Rhamnus, which gives handsome lakes with tin, alumina
and chrome mordants which are used in calico printing, and hitherto

no really satisfactory substitute for them has been found among
the synthetic dyes. The tin lake is also prepared in pigment form
and is placed on the market in paste form for use in calico printing

as an albumen colour.

The berries contain a glucoside, Xanthorhamnin, which is hydro-

lysed by acids to the dye Rhamnetin and rhamnose (isodulcite). Rham-
netin was recognized by Herzig as a monomethylquercetin. In

* Quercetin often separates out from this in crystalline form on long standing,

and should therefore be well stirred before use.

f This name should not be confused with the acridine dye .4criflavine, used
chiefly as an antiseptic.

J Aqueous solutions of Flavine when kept in open vessels lose all their dyeing
properties in a few days, so that attention must be paid to this point when using

them in the dye-house.
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addition Rhamnazin (methylrhamnetin) also occurs as a glucoside

(cf. p. 309).

Weld Extract {Fr. Gaude ; Ger. Wau).

Weld is composed of the plant Reseda luteola and is used to a limited

extent, in the form of an extract, for dyeing wool and silk, and also

for calico printing. For these purposes the yellow tin lake, the^reenish-

yellow alumina lake and the olive-yellow chrome lake are chiefly

utilized. Its general behaviour is similar to that of Quercitron, but
it has not such strong tinctorial properties as the latter.

The actual colouring matter, Luteolin, CisHioOe, has been prepared
synthetically by v. Kostanecki (cf. Flavones, p. 303).

Young Fustic

(Cotinin. Fr. Bois jaune de Hongrie ; Ger. Fisetholz).

This dye-wood is composed of the wood of the Venetian Sumach,
Ehus Cotinus. It affords reddish-yellow dyeings on mordanted
materials which lack fastness, but still enjoy a limited use in wool
dyeing. The actual colouring matter is Fisetin (cf. Flavonols, p. 306).

Fustic

(Old Fustic. Fr. Bois jaune ; Ger. Gelbholz).

This is composed of the wood of trees belonging to the species Morus
tinctoria which grows wild in Cuba, Jamaica, etc. The Cuba variety

is the best. On tin alumina and chrome mordants it yields dull greenish-

to brownish-yellow shades fugitive to light.

Owing to their cheapness they are still used to a fair extent for

dyeing wool yellow and mixed shades. Formerly it found extensive

application, but owing to the competition of dyes such as Galloflavine,

Alizarine Yellow and similar colours, its use has greatly diminished.

It is also found in commerce in the form of an extract.

Several substances have been isolated from Fustic, such as 3Iorin,

Maclurin (Morin-tannic acid), and a tannic acid. The actual dye
is Morin (cf. Flavonols, p. 309).

By the action of bisulphite upon the Fustic extract a yellow dye

is obtained which comes into the market as Kalikat Yellow (Gy.),

and is used chiefly for calico printing on a chrome mordant. It is

composed chiefly of the bisulphite addition compound of Morin.

Ciamician attributes the following formula to the dye Maclurin :

/C6H2(OH)3

\C6H3(OH)2

and according to von Kostanecki and co-workers it may possess the

structure :

HO HO

H0-<^" ^-C0-<( ^-OH
i

HO
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This formula has been further confirmed by the synthesis of Maclurin-

pentamethylether from vatroylchloride and phloroglucine-trimethyl-

ether.* Maclurin itself has also been recently synthesized by Hoesch
and von Zarzecki by the condensation of protocatechuic nitrile with

phloroglucinol.f Its azo compound, prepared from Fustic extract

when mixed with the corresponding azo compound of Morin, has been

sold for a considerable period as Patent Fustic.

Osage Orange -tree Wood.

The wood of this tree was used by Indians of the Red Valley region

in Texas, and latterly its use has been suggested as a substitute for

Fustic.

Its active components are Morin and Maclurin. Its tinctorial

strength is about the same as that of Old Fustic, and the wood can

be employed for dyeing both textiles and leather.

CUTCH

(Catechu, Gambier. Fr. Cachou ; Ger. Katechu).

Cutch is composed of the dried sap of certain varieties of Acacia

which occur chiefly in India. Acacia catechu yields the reddish-brown

Bengal Cutch, whilst Areca catechu gives the brown Pegu Cutch of

Bombay. Yellow Cutch, also termed Gambier or cube Cutch, is

derived from the leaves of Uncaria gambier (Roxb.) and Nauchlee

gambir (Hunter). Commercially Cutch is graded and marked according

to the origin and quality ; of the numerous marks, the most popular

are the following : Star B, BB flag and eagle.

Frequently, though somewhat incorrectly, Cutch is termed also

Japan Earth {Terra Japonica) ; Japonica is a special variety of Cutch

which was termed Gambier above.

It is an extremely valuable dyeing material, although its use is

somewhat limited. It is utilized for producing black shades on silk

—in this case chiefly on account of its tannin content—and for obtaining

brown shades in cotton dyeing and calico printing.

Reddish-brown to grey-brown dyeings are obtained on chrome and
iron mordants respectively, which are neither specially brilliant nor

beautiful, but they are extremely fast.

Cutch contains two chief constituents, Catechin and Catechu-tanvic

acid ; the latter is the more important from the dyeing standpoint,

and appears to be formed from the colourless catechin. The brown
dye, which is produced by the oxidation of these compounds, is termed
Japonic acid. Gambier is said to contain three different Catechins.

According to von Kostanecki and Tambor, Catechol possesses the

formula :

ei5Hu06+4H20

On fusion with potash it breaks up into phloroglucinol and proto-

catechuic acid.

* Kostanecki and Tambor, Ber., 39, 4022 (1906).

t K. Hoesch and T. von Zarzecki, Ber., 50, 462, 660 (1917).
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V. Kostanecki and his fellow-workers give the following structural

formula for Catechin *
:

OH

A. G. Perkin f has suggested that the substance is a chroman
derivative having one of the following structures :

OH OH
/ ^ \ „ y < „ HO-/N/ \«^- - - CH—^^ N-OH

CH.OH or

/
CH—^ \-0H

CH2
\/\CB.->/ V/\CH/

I

I i

OH . OH OH

Ryan and Walsh, f attempted to solve the question by synthesizing

certain derivatives, but without arriving at any definite result.

Turmeric

(Curcuma. Fr. Safran d'Inde ; Ger. Kurkumo).

This product, which possesses substantive dyeing properties,

consists of the ground root-nodules of Curcuma tinctoria, a plant

belonging to the ginger tribe, growing in India, China, Cochin-China
and the East Indies.

Despite its lack of fastness it is still used to some extent for dyeing
silk and serves also as an indicator.

The actual colouring matter, Curcumin, forms yellow prisms with
a blue reflex which melt at 180-3° C. It was first isolated by Vogel
and Pelletier,§ and was shown later to have the formula C21H20O6.

On oxidation with permanganate, vanillin has been obtained from it.

According to Ciamician and Silber the formula may be further

resolved into :

Cl9Hi404(OCH3)2

which was confirmed by Mitobedzda, von Kostanecki and Lampe,j|

who showed it to be a diferuloylmethane ^ of the constitution :

* Ber., 39, 4007 (1906). f Trans. Chem. Soc, 87 (1905).
+ Proc. Roy. Dub. Soc, l5, 113 (1916).

§ J. Pharm., 2, 50 (1815). ||
Ber., 43, 2163 (1910).

CH30\
1[ Ferulic acid is HO—

«^^
\—CH= CH.COOH, i.e. m-mathoxy-jj-hydroxy-

cinnaiuic acid.
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\CH3O

ho/ \-CH=CH—CO.

-CH=CH—CO^

On boiling with alkalis the dye is split up into equal molecules

of vanillic and ferulic acids ; by the action of hydroxylamine a com-
pound C21H19NO5 is formed which may be regarded as an oxazole

derivative. The above structural formula brings into prominence
the similarity of Curcumin with the oxychalkones.

Accordingly Curcumin is a ^-diketone with both chromophores
occupying symmetrical positions. As it contains no nitrogen and is

a direct cotton dye the above explanation of its constitution is of great

interest to the dye industry, offering as it does quite new possibilities

for the synthesis of direct cotton colours.

This formula has recently received striking confirmation by its

synthesis at the hands of V. Lampe.*
In the first place the parent substance dicinnamoylmethane :

o-
^-CH=CH-COx

CH2

-CH= CH-CO^

was prepared by Lampe and Milobedzka,f who showed that it

resembled Curcumin in many ways : Lampe then proceeded to

synthesize Curcumin itself in the following manner : Ferulic acid

was first treated with methyl-chlorcarbonate (to protect the free phenolic

group) to form methylcarbonatoferulic acid which was then caused

to react with phosphorus pentachloride to give the acid chloride :

CHaOx

CHiO.CO-0-/~'~\-CH=CH.COOH ->

CHaO\

-5> CHsO.CO.O-^^ \-CH= CH.COCl

(in the following equations the methylcarbonato group will, for brevity's

sake, be indicated by RO—).

This chloride was then condensed with acetoacetic ester :

CH30\ COOC2H5

R0-<( ^-CH-CH . COCl + CH2 . CO . CH3
~^

CHaOx COOC2H5

—> R0-/~~\-CH-CH.C0.CH.C0.CH3 + HCl

* Ber., 51, 1347 (1918). t Ber., 46, 2235 (1913).
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the condensation product was hydrolysed, ethyl alcohol and carbon
dioxide being split off and (methylcarbonato-) feruloylacetone formed :

CH3O
COOCoHs;

I

H iOH I

-CH=.CH.C0-CH-C0.CH3 —

>

\ /
CH30\

-^ R0-(' \-CH=CH-CO.CH2.CO.CH3

This latter substance, as a j8-diketone, contains a reactive methylene

group and combined with a second molecule of (methylcarbonato-)

feruloyl chloride yielding (di-methylcarbonato-)diferuloyl acetone :

CH30\
^ -CH= CH.CO.

\CH2.CO.CH3

-CH..--CH.C0C1

-CH=CH-CO.

-CH=CH-CO^
:CH.C0.CH3

CH3O/ 4 HCl

On boiling this with dilute acid, acetic acid was split off, leaving

(di-methylcarbonato-)diferuloylmethane :

CHaOx

RO-/ \-CH=CH-CO.
-^ ^CH'

RO-<^~~^-CH:-CH-CO^ H
CH3O/

CH30\

RO-/ N-CH-CH . CO,

RO-^^ \-CH=CH.CO^
CH3O/

COCH3
OH

^ :cH2

+CH3C00H

this, on treatment with alkalis, splits off the methylcarbonato
groups, leaving di-feruloyl methane :

CHiOs^

H0-<(^ \-CH=CH- CO.
^ ^

/CH2
HO-/ N-CH=CH-CO^
CH3O/

which is identical with the natural Curcumin.

A
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Archil

(Orchil, Cudbear. Fr. Orseille, Pourpre Fran9ai8 ; Ger. Orseille,

Persio).

From very early times it has been known, as the result of accidental

observations, that various lichens belonging to the species Rocceila

and Lecanora (from the Canary Islands, East Indies, South and Central

America, etc.) on exposure to the air in presence of alkalis yield

bluish-red colouring matters capable of dyeing wool and silk directly.

Formerly, in order to prepare the dye, the plants in question were

treated with fermented urine (containing ammonium carbonate) to

which lime was added from time to time, and the mass was allowed

to stand for some weeks with occasional stirring.

At the present day the preparation of Archil from the lichens is

carried out by stirring up the latter with water, and pouring on to a

sieve, which retains the woody portions whilst the coloured portions

pass through either in suspension or solution. The liquid so obtained

is then treated with ammonia and heated up for some time in open

vats ; the dye separates out and comes into the market either as

a paste or in solution.

Cudbear or Persio is an Archil derived particularly from the

Lecanora species.

Litmus {Ger. Lackmus), which is used so extensively as an indicator,

is also obtained from the plants named by somewhat lengthier treat-

ment with alkali carbonates, and is prepared chiefly in Holland.

Gypsum or chalk are usually added to it.

Before the introduction of the artificial colouring matters Archil

and Cudbear played a very important part in wool and silk dyeing.

The dye is very lacking in fastness, but levels well and can be used

equally well in neutral, acid or alkaline baths.

It was also used at one time to a large extent for " bottoming "

indigo, that is to say, the fabric was dyed first with Archil and sub-

sequently with Indigo.

Nowadays Archil is used only to a very limited extent for the

purposes mentioned, having been replaced by Methyl Violet, the

Acid Violets, and various bluish-red level-dyeing azo colours such as

Azofuchsine, Azoorseille, Chromotrope, etc.

The chief component of Archil is Orcein, CtHtNOs, which is formed

by the oxidation of Orcinol (sym. C6H3.CH3(OH)2) by means of

atmospheric oxygen in the presence of ammonia.
Dyes of this type have been prepared by Zulkowski in conjunction

with Peters.

Litmus contains several colouring matters.

The Anthocyans.

These substances, the natural flower pigments, have been fully

discussed on pages 319 ct seq.
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'^ Safflower (Bastard Saffron, Ger. Safflor) is obtained from the
dried petals of the Dyer's Thistle, Carthamus tinctorius, and was formerly
used principally for dyeing cotton and silk in pink shades. These
dyeings are very fugitive, but as they could be obtained without the

use of any mordants or fixing agents they were very popular.

The chief component is CartJiamin, which possibly possesses the

formula C14H16O7 ; the material also contains some yellow colouring

matter.

Annatto, or Orlean, is prepared from the seeds of Bixa Orellana,

a tree growing in Central America, the East Indies and the Antilles,

and affords salmon-red to orange dyeings which can be produced
direct on cotton. Nowadays it is used only for colouring foodstuffs.

The chief component is Bixin, C28H34O5 ; according to the more
recent researches of van Hasselt the formula may be resolved into

C28H3o03(OH)(OCH3), as on treatment with potash a methyl group

is split off, leaving Norbixin, whilst by the action of dimethyl sulphate

a further methyl group can be introduced. With bromine, colourless

addition products are formed ; on heating to 200° C. a molecule of

m-xylene is said to be split off.*

Chika, or Caraguru, are names applied to a red colouring matter

which is obtained from the leaves of the Chika Trumpet-tree by the

Indians of the Orinoco and is used by them for staining their bodies.

Certain products used technically are obtained by treating the

various natural dyes or extracts in different ways. The preparation

of Indigo Substitute and Noir reduit, from Logwood extract, and of

Calicat Yellow from Fustic extract has already been described.

In commerce products are sometimes met with which are obtained

by mixing extracts with mordants in certain proportions ; some of

them again contain synthetic mordant or tannin colours as well.

I'or instance, a dark blue may be obtained upon a chrome mordant
by means of Noir reduit and Gallocyanines (e.g. Gallamine Blue).

These and similar mixtures are marketed as Madras Blue, Indian

Blue, etc., and find extensive application in calico printing. Cheaper

but less fast products may be obtained from Noir reduit or Logwood
extract and Methylene Blue or its leuco compound.

To this class belong the so-called " Carmine " Colours which are

placed on the market by various firms.

The composition of some of these dyes is given below :

Leather Yellow and Blond contain Fustic extract and a chrome
mordant.

New Oold contains Quercitron extract and a chrome mordant.

Silver Grey consists of Logwood and Redwood extracts together with

chrome and iron mordants.

* For more recent work, cf. Van Hasselt, Rec. Trav. Chim., 33, 192 (1914);

Herzig, Faltis and Mizzan, Monats, 35, 997 (1914); Herzig and Faltis, Ber., 50,

927 (1917); Heidushka and Panzer, Ber., 50, 546 (1917).
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Smoke Blue contains Logwood extract and a chrome mordant.

Copper contains Cutch, Safranine and a copper salt.

Fast Vat Blue R contains Logwood extract, Methylene Blue and
a chrome mordant.

It seems probable, as the synthetic dye industry further develops,

that the use of such mixtures, the preparation of which is a speciality

of certain of the smaller firms, will gradually diminish.

Literature.

Die Chemie der natiirlichen Farhstoffe, H. Rupe (Part I, 1900; Part II, 1909).

The Natural Organic Colouring Matters, A. G. Perkin and A. E. Everest (London,
1918).



MINERAL COLOURS

The substances included under this title are utilized chiefly for

the preparation of artist's colours and paints ; they will be considered

here only in so far as they may be of interest to the textile industry.

They are used almost exclusively for calico printing, being either

thickened up with albumen and then printed, or else they may be

formed on the fibre. In accordance therefore with the scheme of

classification given in the Introduction, they are to be regarded from
the practical standpoint as being either Albumen or Developed Colours.

To the first class belong Ultramarine, Chrome Yellow, Chrome
Orange, Vermilion, Chrome Green, etc. With the exception of Ultra-

marine they are made use of almost exclusively in blue printing as

so-called " Discharge-colours." Material dyed with Indigo is printed

with a mixture of the colouring matter, alkali chromate and albumin,

and is then passed through an acid bath. The chromic acid so formed
destroys the Indigo where it has been printed upon leaving the mineral

colour unchanged. In this way coloured patterns are obtained upon
a blue ground.

Manganese Bistre and Iron Chamois are developed colours, and
are perhaps the most important mineral colours used in the textile

industry.

Manganese Bistre (Manganese Bronze).—This deep brown mineral

colour consists of a manganese superoxide. It is formed in the following

manner : the cotton material to be dyed is first impregnated with

a solution of manganese salt such as the sulphate, chloride or

acetate, and is dried ; it is then passed through caustic soda solution,

by which means manganese hydroxide is precipitated upon the fibre,

and is finally developed by oxidation by passing through a third

bath containing chloride of lime, potassium chromate or the like.

Owing to its fastness and ready dischargeability by reducing

substances (such as stannous chloride, sulphurous acid, etc.), it was
formerly much- used. The latter quality also led to its introduction

for producing imitation skins from woollen materials (travelling rugs,

etc.). In such cases, however, itns formed by the action of potassium

permanganate which, as is well known, readily decomposes in contact,

with organic materials with formation of manganese peroxide.

Iron Chamois.—For its production cotton materials are impregnated

with a solution of ferrous sulphate either completely, or on one side

by " padding "
; they are then dried, passed through a weak solution

of an alkali, by which means ferrous hydroxide is precipitated upon
540
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the fibre, and lastly, are oxidized by passing through a bleaching powder
solution. Accordingly the colour is composed of ferric oxide. It

can be discharged by means of organic acids such as citric or tartaric

acids.

It has been used to a considerable extent for dyeing khaki for

army requirements, the shade being varied by the addition of chrome
alum to the ferrous sulphate solution.

Ochres are used chiefly for coloured finishes for cotton goods.

Ultramarine.—This colour, which is formed by heating together

a mixture of alumina, silicic acid, soda, sulphur and carbon, comes
into commerce in various shades of blue-green, blue and violet ; it

is used in calico printing as an albumen colour and also as a " blue
"

for finishing cotton goods. In making use of it regard must be paid

to the fact that it is easily destroyed by acids.

Chrome Yelloiv and Chrome Orange are respectively normal and
basic lead chromates.

They come into the market as pastes, and are used chiefiy as dis-

charge colours in blue printing (v.s.). Occasionally also they are formed
on the fibre in calico printing : a lead salt is printed upon the material,

which is then passed through an ammonia bath, leading to the formation

of the insoluble hydroxide, after which it is treated with potassium

chromate. Chrome Yellow is formed in this manner ; in order to

convert this into an orange the material is passed through a boiling

solution of calcium hydroxide.

These two colours have the disadvantage that they are blackened

by sulphuretted hydrogen.

Vermilion is only made use of in blue printing as a discharge

colour. It is expensive and lacks fastness.. In its place various

insoluble red azo colours are used.

Chrome Green, or Guignet's Green.—This is prepared by melting

together boric acid and potassium bichromate and then treating the

product with water. The chromium borate first formed is thus con-

verted into chromic hydroxide. Chrome Green is likewise used only

as an Albumin colour, chiefly in blue prints.

The term Guignet's Green is also frequently applied to a mixture

of Chrome Yellow and Prussian Blue. Frequently Guignet's Green
itself is termed Permanent Green when used for chromolithography,

bank-note printing, etc., though not in calico printing.

Prussian Blue (Turnbull's Blue, Ger. Bsrliner Blau).—This hand-

some colouring matter was discovered in 1710 by Diesbach and used

to be of great importance for the textile industry, where it was used

in printing and for dyeing silk, wool and cotton. Under the name
of " Kaliblau " (==Potash Blue) its use lasted for some time in the

cotton-dyeing industry.

Prussian Blue may be produced directly upon animal fibres and in

calico printing by the decomposition of prussiate of potash in acid

solution. For example, on placing wool in a solution containing red

prussiate (= pot. ferricyanide) and some sulphuric acid, and then raising

the temperature gradually to 100° C, the material becomes coloured

greenish-blue. Handsomer shades of a purer blue may be obtained
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by the addition of a little tin salt. Usually, however, Prussian Blue

is used together with Logwood.
For dyeing cotton Iron Chamois is usually first produced upon the

fibre, after which the blue colour is produced by treating the material

in acid solution with yellow prussiate of potash (pot. ferrocyanide).

Prussian Blue is still used to-day for cotton dyeing, for mixed
shades in calico printing (by adding yellow prussiate to the printing

colour) and as a paste for finishing.

It is sold for various purposes in the finished form and under

different names such as Paris Blue, Prussian Blue, China Blue, etc.

Such colours are produced in a variety of ways and do not always

have the same composition. They may be formed : (1) from potassium

ferrocyanide and ferric salts
; (2) from potassium ferricyanide and

ferrous salts and oxidation of the resultant ferrous compound by means
of potassium chlorate and hydrochloric acid {Paris Blue)

; (3) from
potassium ferricyanide and ferrous salts.

Prussian Blue has the formula FeyCyis and may be regarded either

as a compound of ferrous cyanide and ferric cyanide, 3FeCy2+ 2Fe2Cy6,

or as the ferric salt of hydroferrocyanic acid (H4FeCy2), (Fe2)2, (FeCy6)3.

On treatment with potash solution it is decomposed into potassium

ferrocyanide and ferric hydroxide.

For bleaching cloths certain salts of the alkaline earths are still

used to a slight extent such as barium sulphate, calcium carbonate,

etc. For this purpose the cloth is treated with a suspension of the

salt in question ; or better, the material is first impregnated with a

soluble salt (e.g. barium chloride), and is then treated with a precipitant

(such as Glauber's salt).

Molybdenum Blue.—This colouring agent consists of oxides of

molybdenum, and was used experimentally for a certain time on silk

and cotton materials. Its use for this purpose was first suggested

by Keller, in 1851 ; the material was first impregnated with a solution

of a phosphate and sodium molybdate ; it was then dried and passed

through an acid bath. The material so treated possessed a yellow

shade, which was transformed into blue on treatment with a solution

of tin salt. For dyeing cotton it is stated to be more convenient to

impregnate first with a solution containing sodium molybdate and
silicate, after which the material is dried, treated with a solution con-

taining a phosphate and an acid, and lastly with tin salt.

Attempts have also been made to utilize Purple of 'Cassius,*

Uranium Yellow,f etc., on textile fibres.

Lastly, Bronze colours have also been utilized for printing materials,!

for which purpose they are of some importance ; their production,

however, belongs more to the province of mechanical technology.

The other mineral colours, such as the fiery Zinc Chromate, Barium
Chromate, Schweinfurt Green (a mixture of Copper Acetate and Arsenate),

Victoria Green (a mixture of Zinc Chromate and Chrome Green), Smalt

(a cobalt-potash silicate), Thenard's Blue (by heating alumina with

• Odemheimer, Fdrber Ztg., 1891-2, 205, 375 ; 1893-4, 9, 207.

t D.R.P. 72523 ; Lehne's Farber Ztg., 1893 4, 17, 207.

X Lelme's Fdrber Ztg., 1892-3, 371,

i
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cobalt nitrate), Rinnmanns Green (from zinc and cobalt salts), etc.,

are without interest for the textile industries.

The Analysis and Estimation of Dyes.

The identification and estimation of colouring matters, either

in substance or fixed on the fibre or other substratum, is in the

majority of cases one of the most difficult analytical operations.

The chief difficulty perhaps lies in the very large number of com-
mercial dyes, which reached in 1913 about 2,000, and is still increasing.*

In consequence it is rather difficult to devise a uniform analytical

procedure, since new groups are constantly arising which cannot

always be fitted into the old scheme.

There are at the present day various methods in existence for

the recognition of dyes. Methods depending upon the chemical

reactions of the substance have been devised such as that of Witt
and Weingartner,j" modified by Rota, J and by Buzzi, or that of Green.

§

Certain general group reagents are first applied, usually reducing

agents (zinc and ammonia, stannous chloride in acid solution, hydro-

sulphite and subsequent oxidation), then the sub-group is determined

by further special reagents, and lastly the actual dye itself is discovered

by noting its behaviour with acids, alkalis, etc., its power of dyeing

different material and so on.||

Although the detection of certain individual dyes may be effected

fairly readily, the problem becomes far more complex when we are

dealing with mixtures. In such case good service may be rendered.

Goppelsroeder and Kayser's method of capillary analysis, after a

preliminary trial by scattering some of the suspected mixture on to

wet filter paper has established the presence of more than one dye.

In many cases Formanek's spectro-analytical method may be

used with success, particularly as this procedure may be carried out

with extremely small quantities of substance.

Formanek's method is a combination of physical and chemical

methods. It depends upon the fact that every coloured substance

absorbs a portion of the rays composing white light, resulting of

course in the extinction of a portion of the spectrum when examined
by a spectroscope. Both the general form (i.e. the number and arrange-

ment) of the resultant absorption bands and their position, expressed in

wave-lengths, are given by Formanek and Grandmougin for a number
of dyes in different solvents.^ In addition the tables give the reactions

with dilute acids and alkalis and the corresponding changes in the

spectrum.

* In 2^he Identification of Commercial Dyestuffa, vol. iii, by P. S. Mulliken, some
1,500 dyes are given (New York, John Wiley & Sons).

t Chem. Ind., 1885, 9 ; Chem. Ztg., 1887, 132, 165.

X Chem. Ztg., 1898, 437.

§ Jour. Soc. Dyers and Col., 1905, 226 ; The Analysis of Dyestuffs, by
A. G. Green (London, 1915).

II
For colour lakes, see G. Zerr, Bestimmung von Teerfarbstoffen in Farblacken

(Dresden, 1907).

^[ J. Formanek and E. Grandmougin, Untersuchung und Nachweis organ. Farb-

atoffe (Berlin (Springer), 1908-12).
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In those cases where a colouring matter gives a sharp absorption

spectrum Formanek's method is undoubtedly the best means of

establishing its identity. Further, it is capable of recognizing the fine

shades of difference which may exist between various closely related

dyes such as Brilliant Green and Malachite Green, the various brands
of Rhodamine, etc., since these dyes show different absorption spectra.

Again, the method is of very great value in the case of mixtures,

especially when the dyes exhibit absorption bands in different portions

of the spectrum, or which can be altered by the addition of reagents.

At the present time it is probably the most sensitive and con-

venient analytical method for the analysis of dyes, as the procedure is

very simple and in many cases can be carried out with a small pocket

spectroscope.

If it is desired to determine the identity of some unknown dye,

the latter must be examined according to the usual methods of organic

analysis ; in the first place the particular class of dyes where it belongs

must be settled by means of suitable general reactions, unless indeed

it is found to belong to quite a new class altogether. In the case of

an azo dye, for instance, it is frequently jaossible to determine the com-
ponents by splitting up the molecule by means of reducing agents such

as stannous chloride or hydrosulphite.

In other cases the presence of various groups must be settled by
the usual standard methods, and then the attempt should be made
by means of suitable reactions to obtain known transformation or

degradation products. From the results so obtained and from the

empirical formula derived from an elementary analysis of the dye,

important deductions may frequently be made as to its constitution.

In order to confirm the constitution it is then usually desirable

to synthesize the dye. For further details the respective chapters

of this book must be consulted.
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For current information dealing with the whole subject of the preparation,

properties, reaction, manufacture and industrial uses of the coal-tar colours, the

abstracts contained in the Journal of the Society of Chemical Industry, Journal

of the Chemical Society (Abstracts), and the Chemical Abstracts issued by the American

Cheniical Society, may be consulted.

For the purely scientific data, of course, such works must be referred to as Beil-

stein's Handbuch der Organische Chemie and Richter's Lexikon der Organischen

Verbindungen.



INDEX

Aceanthrene Green, 461
Acetine Blue, 369— Induline, 369
Acetopurpurine, 133
Acid Alizarin Black E, 108— SE, SISr, SNT, 121— — Blue, 277

Brown, 108— — dyes,. 108
Garnet, 108
Green, 277
Red, 109
Violet, 108— Anthracene Red, 131— Black, 119— Blue, 207— Chrome Blue, 108— Cyanines, 362— dyes, 2— FuchsLne, 200— Greens, 205— Magenta, 200— Rosamine, 235— Violet 5B, 6B, 201
6BN, 7BN, 201— — N, 200
4RS, 200— Violets, 200

Acridine dyes, 393— Orange NO. 395— — R, 395— Red, 227, 396— Scarlet, 396— Yellow, 395
Acriflavine, 23, 398
Acylaminoanthraquinones, 466
Adjective dyes, 2

Albumen colours, 3
Aldehyde Blue, 197— Green, 197
Aldehydes, 46
Algol Blue CF, 450

3G, 451
K, 451
R, 467— Bordeaux 3B, 465— Brilliant dyes, 467
Orange FR, 467
Red 2R, 467
Violet 2B, 467

R, 468— dyes, 467— Green D, 451— Grey B, 2B, 479— Olive R, 469— Orange R, 464— Pink R, 467^ Red B, 465
FF, 5G, R extra, 467— Scarlet G, 467— Yellow 3G, 468
R, 467

549

Aliphatic compounds, 60
Alizarin, 259, 263— No. 6, 264— S, WS, 268— Astrol, 285— Black P, 269

S, 333— — SRA, 334— Blue, 269— Blue-black, 293— Blue-green, 273— Bordeaux, 274— BriUiant Green, 287— Brown, 268— Cardinal, 268— Celistol, 279— Claret R, 268
"— Commerciale," 527— Cyanine G, 276

R, 3R, 274
-^ — WRS, 277— — Black, 276

Green, 286
3G, 287— Cyanol, 285

Violet, 285— Dark Green, S34— Delphinol, 279— Direct BKio B, 285
EB, 279— — Green, 287

Violet, 285
"— dyes," 254— Emeraldol, 279— Garnet, 268— Green, 269, 273

B, G, 385
S, 269— Hexacyanine, 275
B, G, 3R, 242— Indigo Blue, 273— Irisol, 285— Maroon, 268— Orange, 72, 268— Pure Blue, 285— Purpurin, 264— Red in powder, W, 268— Red 3WS, 268— Rubinol, 290— Sapphirol, 278— Viridine, 287— Yellow A, C, 295
FS, 194
GGW, 114
50, 115
paste, 332

Alkali Blue, 201— Brown, 159— Fast Red, 105— Violet, 201— Yellow, 159
Alkylaminoanthraquinone dyes, 280
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Alphylaminoanthraquinone dyes, 280
Alsatian Green, 66
Althein, 329
Amatol, 69
Amethyst, 360
Aniido Yellow E, 71
Amines, 36
Aminoalizarin, 268
AminoanthraqiMnone, 277— sulphonic acids, 277
Aminoazobenzene, 76— Red, 117
Aminoazo dyes, 84
Amino compounds, oxidation products of,

391
Aminogallamine Blue, 383
Aminonaphtholsulphonic acids, 66
Ampelopsidin, 328
Ampelopsin, 329
Analysis of dyes, 543
Aniline Black, 387— Blue, 197— Grey, 370— Violet, 360— Yellow, 99
Anisoline, 232, 243
Annatto, 538
Anthanthrone, 459
Anthocyan pigments, 319
Anthocyanidins, 320
Anthocyanins, 320
Anthocyans, 319
Anthracene, 33, 260— Acid Black, 121

Brown, 156— Blue, 272
WB, WG, WGG, 276
WR, 274
SWX, 277— Brown, 268— Chrome Black, 108
Blue, 108 ,
dyes, 108
Violet, 108— Dark Blue, 276— Oil, 32— Red, 131— Yellow, 114, 330
BN, 114
C, 114

Anthracite Black, 119
Anthraflavic Acid, 266
Anthraflavone, 452
Anthragallol, 267
Anthrapurpurin, 263
Anthrapyridones, 290, 465
Anthraquinone, 260— -acridones, 470— Black, 497— Blue, 288—

• derivatives, 56
(table), 59
colour of, 255, 284, 467— dyes, 254
(alkylaminoanthraquinone dyes), 280— — (alphylaminoanthraquinone dyes), 280
(aminoanthraquinone sulphonic acids),

277
basic, 292
formed by Bohn-Schmidt reaction,
270— —, mordant-dyeing hydroxy, 257— Green, 287— imides, 463—

• •oxazines, 293— Vat dyes, 445
sulphuretted, 473
miscellaneous, 475— Violet, 287

Anthrarufin, 266
Anthrimides, 463
Antinonnin, 23, 70
Apigenin, 302
Aposafranines, 343
Application of dyes, 24
Archil, 637— substitute, 104
Armstrong's Theory, II
Asterin, 327
Auramine, 174— G, 176
Auranthrone, 451
Aurantia, 72
Aurazine, 398
Aurines, 209
Auronal Black B, 2B, N, 494
Aurophosphine, 397
Aurotine, 72, 220
Autochronie dyes, 110
Auxochrome distribution law, 14
Auxochromes, 6
Azarine S, 92
Azidine Fast Scarlet, 151 '

Azindone G, R, 367
Azines, 343, 356
Azo Acid Black, 108, 121— — Blue, 106

Rubine, 105
Violet, 122
Yellow, 72, 102— Alizarin Yellow, 115

Azobehzene, 168
Azo Black Base O, 135

Blue, 136— Blue, 133— Carmine, 365— Chromine, 115
—- compounds, methods of coupling, 75

constitution, 88, 113— Diphenyl Blue, 367— dyes, acid, simple, 101
disazo. Black, 117

Red, 115
basic, 99
classification of, 84
constitution and colour, 94

of, 88
"co-ordinated compoimds " of, 110
Direct Cotton, 123
from Thiazole basis, 159
general considerations, 73
Ice colours. 111
mechanism of coupling, 75
method's of formation, 75, 81— — monoazo, from o-aminophenol, 108
mordanted, yellow, 114
pyrazolone, 163
reactions of, 91
" Salt Colours," 123
secondary, 85
substantive (see Direct Cotton Dyes)— — synopsis of classes, 84
technical, 98— Eosine, 104

Azoflavine, 72, 102
Azo Fuchsine, 105
Azogallein, 115
Azogene Red, 111
Azo Green, 208
Azogrenadine, 104
Azo Mauve, 136
Azomethines, 168
Azonium compounds, 343, 346, 356
Azo Orange, 112— Patent Black, 121
Azophenine, 367
Azophor Pink, 112— Red, 104, 111
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Azophosphine, 100
Azo Pink, 112— Rubine A, S, 104
Azotol C, 155
Azo Violet, 133— Wool Blue, 106— Yellow, 72, 102
Azoxonium salts, 372
Azoxy dyes, 161
Azuline, 211
Azurine, 388
Azylines, 84

Bandrowski's Base, 391
Barium chromate, 542
Barwood, 530
Basle Blue, 366
Bastard Saffron, 537
Bathochromic groups, 5
Bavarian Blue, 201
Bengal Indigo, 523
Bengaline Blue, 359
Benzaldehyde Green, 202
Benzanthrone group, 456—

- quinolines, 459
Benzene derivatives, 35

(table), 48
Benzidine dyes, 121, 124

polyazo, 137
simple azo, 128

Benzo Black Blue, 140— Blues, 136— Brown, 100, 155— Cyanine, 136— Fast Blue, 146
Bordeaux, 146
Orange, 144
Pink, 145
Red, 145-6
Rubine, 146

• Scarlet, 145
Yellow, 144

Benzoflavine, 394
Benzo Grey, 140— Indigo Blue, 139
Benzoin Yellow, 293
Benzonitrol, 111
Benzo Olive, 140— Orange, 129— Pure Blue, 136— Purpurine, 132
Benzopyranols, 318
Benzoquinone Vat dyes, 482
Benzoyl Green, 202
Benzyl Black, 121— Blue, 196— Violet, 196
Benzylideneaniline, 168— dyes, 168
Berberine, 251
Biebrich Patent Black, 121— Scarlet, 116
Bindschedler'a Green, 338
Bis-acriflavine, 399— -coumarone-indigo, 427
Bismarck Brown, 100
Bis-pyronine, 228
Blackley Blue, 201
Black Sulphur dyes, 493
Bleu de Lyon, 198— noir, 370
Blond, 538
Blue-black, 505— -black Sulphur dyes, 493— Convention, 136— Pyoktanine, 196— Rosaniline dyes, 197— Sulphur dyes, 489
Bohn-Schmidt reaction, 58, 270

Bordeaux B, G, BL, 104— BX, 117— Developer, 138
Brazil Wood, 529
Brazilein, 313, 530
Brazilic acid, 314
Brilliant Acid Blue, 207

Green, 205— Alizarin Blue, 377
Cyanine, 276— — Viridine, 287— Azurine, 135— Benzo Blue, 136
Fast Violet, 146
Green, 140— Black, 118— Blue, 362— Cochineal, 103— Congo, 133— Crimson, 104— Crocein, 116
9B, 117— Dianil Blue, 146— 6G, 202— Fast Blues, 146— Gallocyanine, 383— Geranine, 160— Glacier Blue, 203— Green, 203— Indigo 4B, 4G, 429— Milling Green, 205— Orange G, 95
R, 104— Orseille, 105— Phosphine, 397— Ponceau 4R, 104— Pure Blue, 202— Purpurine, 133— Rhoduline, 360— Sulphonazurine, 143— Wool Blue B, extra, 202— Yellow, 143

Brom-indigo, 429
Bronze colours, 542
Brown salt, 99
Bucherer reaction, 51
Buckthorn Berries, 531
Butter Yellow, 99

Cachou de Laval, 487
Caledon Blue R, 449— Brilliant Purple B, R, RR, 459— Dark Blue B, 458— Green B, 458— Violet RN, 471— Yellow G, 452
Callistiphenin, 326
Camwood, 530
Canarine, 500
Cannelle, 394
Capri Blue, 379
Caraguru, 538
Carbazole derivatives, 481— Developer B, 138, 159— dyes from, 481— Yellow, 481
Carbide Black, 140
Carbon Black, 121
Carbonium valencies, 17
Carboxylic acids, 44
Cardinal, 99, 194
Carmine colours, 517
Carminic acid, 269, 517, 619
Carmoisine, 106— B, 104
Carthamine, 538
Catechu, 533
Celestine Blue, 382
Cerise, 194
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Chicago Blue, 136— Yellow, 162
Cbika, 538
China Blue, 201, 541
Chloramine Blue, 140— Green, 140— Orange, 162 '— Yellow, 161
Chloranthrene Blue BD, 449— Yellow, 452
Chloro -derivatives, 47
Chlorophenine, 161— Orange, 161
Chromate Blue G for printing, 212— dyes, 110
Chrome Azurine, 382— Azurol, 212— Blue, 205— Bordeaux, 205— dyes, 3, 204— -developed dyes, 3, 110— Fast Green, 110

Yellow C, 114
GG, 115— Green, 204, 541— Olive B, 110— Orange, 541— Patent Green, 120— Rubine, 212— Violet, 205. 212— Yellow, 641

D, 114
Chroinine, 159
Chromocitronine, 115, 130
Chromocyanine, 383
Chromogen I, 334 ,

Chromogens, 4
Chromoglaucine, 383
Chromones, 4, 311
Cbromophoric groups, 4
Chroniorhodine, 233
Chromotrope FB, F4B, 104, 106— 2R, 95
Chromotropes, 105
Chromotropic acid, 66
Chromoxane Blue, 214— dyes, 213
— Violet, 214
Chrysamine, 129
Chrysanilic acid, 420
Chrysaniline. 394
Cftirysanthemin, 327
Chrysazin, 266
Chrysin, 298, 302
Chrysoidine, 99
Chrysoin, 101
Chrysophenine, 143
Ciba Blue 2B, G, 429

2R, 428— Bordeaux, 436— Brown, 430— Green, 431— Grey, 432— Heliotrope, 439— Lake Red B, 431— Orange G, 441— Red B, 436— Scarlet, 441— Violet A, B, 3B, 432— Yellow, G, 5R, 431
Cibanone Black B, 480— Blue 3G, 480— Brown, 480— Cyanine, 461— Orange R, 480— Yellow R, 480
Cinereine, 391
Citronine, 72, 102
Classification of dyes, 1, 62

Classification of dyes (Kostanecki), 62
Clayton Black, 497— Yellow, 159
Cloth Red B, 116

B, G extra, 117
G, 85

Coal-tar, 25
composition of, 30
distillation of, 31
formation of, 26
purification of, 32

Coccinine, 520
Cochineal, 616— Scarlet, 103
Coeramidomine, 447
CoeruleLne, 243
Columbia Black FF, extra, 164

R, 139— Blue, 136— Green, 140— Red, 160— Yellow, 161
" Combination process," 99
Compounds of dyes with mordants, 19
Congo Blue, 136— Brown, 140— Cyanine, 136— Pure Blue, 136— Red, 132— Rubine, 133
Constitution and colour, 3 (See also under

Azo dyes, Anthraquinone dyes, etc.)
" Copper," 638
Coreine, 382-3
Coriphosphine, 399
Corraline, 211
Cotton Black, 494— Blue, 201

B, 381
R, 379— Brown, 156, 159, 488— Red, 132-3— Scarlet, 99, 116— Yellow G, 144
R, 159

Coumarina, 330
Coumaronone, 300
Coupling, 116
Cresyl Blue, 379
Cresylite, 70
Crocein Scarlet 3B, 7B, 116
Crystal Ponceau, 104— Violet, 196
Cross dye Black, 494
Cudbear, 537
Curcuma, 534
Curcumin, 534
Curcumine S, 161
Curcuphenine, 162
Cutch, 633
Cyanamines, 380
Cyananthrol, 285
Cyanidin, 320, 326
Cyanin, 320, 327
Cyanines, 247
Cyanol, 207
Cyanosine, 225
Cyclamines, 223
Cyclanthrones, 463
Cyprus Blue, 108

Dahlia, 196
Datiscetin, 310
Deep Blue, R extra, 383
Dehydro-indigo, 418— -thiotoluidine, 158
Delphjne Blue, 382
Delphinidin, 321, 328
Delphinin, 328
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Delta-purpurine, 133
Developed dyes, 3
Developer ES, 136
Developers, 137
Development of synthetic dye industry,

502
Diamond-aldehyde dyes, 155
Diamine Azo dyes, 138

Scarlet, 151— Black, 137— Blues, 135-6— Brilliant Blue, 136— Bronze, 139—
• Cyanine, 136— Deep Black, 154— Fast Brilliant Blue, 146

Red, 131— — Yellow, 161— Golden Yellow, 151— Green, 140— Nitrazol coloiirs, 138— Pink, 160— Pure Blue, 135-6— Red, 133— Scarlet, 131
GB, 149— Violet, 135, 137— Yellow, 129

Diaminoanthrarufin, 275— azobenzene, 94
Diaminogen Black, 152— Blue, 152— colours, 152
Diaminophenazines, 356
Diaminophenylacridine, 394
Diaminotriphenylmethane dyes, 204
Diamond Black, 119

PV, 108— Flavine, 157— Green, 119, 202— Magenta, 194— Yellow, 114
Dianil Black R, PR, 141— Blue, 136— Green, 140— Yellows, 159. 166
Dianisidine, 41— Blue, 134
Dianthine Red, 144
Dianthrimides, 464
Diazanil dyes, 138— Scarlet, 151
Diazine Black, 359— Blue, 359— Green, 359
Diazoaminobenzene, 76
Diazo Blacks, 137— Blue-black, 139
— Brilliant Scarlet, 147, 151, 160— compounds, constitution of, 88

methods of coupling, 75— Fast colours, 138
Green, 153
Yellows, 143, 145— Olive, 141

Diazoresorcin, 385
Diazoresorufin, 385
Dibenzanthrone, 457 -

Dichlor-magenta, 194
Dichroines, 340
Dicyanines, 249
Diflavone, 301
Digallacyl, 295
Dihydrodiazines, 370
Dihydroxyphenazine, 357
Diindyl, 405
Dimethylaniline, 39
Dinaphthazine, 342
Dioxazine, 386, 482

Dioxine, 67
Diphenazine, 342
Diphene Blue, 366
Diphenylamine Blue, 198— derivatives, 39
"— dyes," 336
Diphenyl Bases, 40— Black Base I, 390

OU, 390— Citronine, 162— Fast Yellow, 163— Green, 140— Orange, 163
Diphenylmethane, 171

dyes, 171
Direct Blue-black, 140— (Cotton) dyes, 2, 123— containing only one azo group, 157

from Benzidine bases, 124
diamines of benzene series, 153
J-acid, 145
Naphthylene diamines, 151
other binuclear bases, 142

Thiazole dyes, 157
Azoxy dyes and Nitrosostilbene

dyes, 161— Deep Black, 140-1— Green, 140— Orar.ge, 162— Scarlet, 160— Yellow. 162
Disazo dyes, acid, 115
Discharge Lake R, 112
Doebner's Violet, 181
Domingo Blue-black, 121
Double Brilliant Scarlet G, 4R, 104— Ponceau, 104— Scarlet Extra S, 104
Duranthrene Blue, 449
Durasol Acid Blue B, 279
Durindone Red B, 434— Scarlet R, 440
Dutch Yellow, 157
Dye Industry, literature of, 545
Dyes, analysis and estimation of, 543— application of, 24— classification of, 1, 62
—

- colour and constitution of, 3—
• compounds with mordants, 19— physiological action of, 23

EboH Green, 140
" Echapp6s," 358
Eclipse Blue, 490— Brown, 489— Yellow, 487
Ekrasite, 70
Ellagio acid, 332
Emerald Green, 203
Emeraldine, 387-8
Emin Red, 160
Eosamine, 105
Eosine, 223, 225— Scarlet, 225
Erika, 160
Eriochlorine, 208
Eriochrorae Azurol B, 212— Black, 108— Cyanine, 212— dyes, 108— Phosphine, 115— Red. 109, 166— Verdon, 109
Eriocyanine, 208
Erioglaucine, 208
Erweco Alizarin Acid Blue, 288

Red, 268— Yellow, 478
Erythrosine, 225
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Ethyl Acid Blue, 106— Black, 121— Blue, 366— Green, 203— Red, 248— Violet, 196
Euchrysine, 395, 399
Eupittonic acid, 214
Eurhodines, 342, 356
Eurhodols, 342, 357
Euxanthone, 296

Fast Acid Blue B, 202
R, 235— — Eosine G, 234

Fiichsine, 105— — Phloxine A, 234
Violet A2R, 235

lOB, 201
Violets, 235— Azo Garnet, 117— Black, 381
B, BS, 497— Blue, 369
2B for Cotton, 379

• -black. 370
• Developer, 138— Brown, 121— Cotton Blue, 381— Green, 206
M, 381— Light Green, 206— — Yellow G, 165— Mordant Blue, 108
Yellow, 114— Neutral Violet B, 362— Printing Green, 66— Red B, BT, 104
E, NS, S, D, EB, 105— Vat Blue R, 538— Yellow, 101

Fat Ponceaux, 116-17
Fisetin, 306, 308
Flavaniline, 250
Flavanone, 299
Flavanthrone (group), 452
Flavazine, 165-6
"Flavazole, 115
Flaveosine, 396
Flavindine, 420
Flavindogenides, 330
Flavinduline, 356
Flavine, 531
Flavokermesic Acid, 516
Flavone, 299, 300
Flavones, 298
Flavonols, 304
Flavophosphine, 397
Flavopurpurin, 263
Fluorescein, 221
Fluorescent Blue, 385
Fluorindene, 385
Fluorones, 217, 222
Formal Fast dyes, 155
Formofluorine, 216
Formyl Violet, 200
Fuchsine, 177, 193— S, 200— extra Yellow, 194— Scarlet, 194
Fuchsone, 185— -imine, 185
Fulvene, 8
Furreins, 392
Fuscarnine, 391
Fustic, 532

Galangin, 306
Gallacetein, 319

Gallacetophenone, 295
Gallamine Blue, 382
Gallanil Blue, 382— Green, 382, 384— Indigo, 382
Gallazines, 384
Galleine, 243
Gallocyanine, 381— MS, 383
Galloflavine, 331
Gallophenine, 382
Gallothionine, 378
Gambler, 533
Gamma Acid, 56
Garance, 525
Gentisei'n, 297
Gentisin, 297
Geranine, 160
Geranium B, 194
Girofle, 360
Glauconic acid, 209
Green oil, 32— Rosaniline dyes, 197
" Grenat soluble," 71
Griess' reaction, 73
Guatemala Indigo, 624
Guignet's Green, 541
Guinea Green, 205— Red, 105

H-acid, 56
Hsematei'n, 318
Haematoxylin, 313
Half-wool Brown, 100
Halochromism, 17
Heavy oil, 32
Helianthine, 102
Helianthrone, 454
Heligoland Yellow, 144
Helindone Blue 3GN, 442— Brown, 482

AN, 479
G, 440
3GN, 469
2R, 5R, 432— Fast Scarlet C, 441

R, 436— Green, 431— Grey, 438— Orange D, 438
GRN, 469
R, 435— Pink, 436

-- Red B, 3B, 436— Scarlet S, 435-6— Violet B, BB, 436
D, 440— Yellow 3G, 469
482

Heliotrope, 133
Helvetia Green, 205
Hessian Brown, 143, 156— dyes, 143— Purple, 143— Violet, 143— Yellow, 143
Hofmann's Violet, 195
Holoquinoid compounds, 15

Homokoll, 248
Homorosaniline, 180
Hydrocarbons, coloured, 8, 9

Hydrocyanorosaniline, 186
Hydron Blue G, R, 481, 491— Blue-black, 481— Olive, 481— Yellow, 477
Hydrophenazine, 340
Hydroxyazo dyes, 79
Hydroxychalkones, 304
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Hydroxyketone dyes, 295
Hydroxynaphthazarine, 334
Hydroxynaphthoic acid, 112
Hypsochromic groups, 5
Hystazarin groups, 265-6

Ice colours. 111— Pink, 112
Idaein, 327
Iramedial Black, 484

FF, 493
N, 488, 494— Blue, 495— Brown, 488— Green, 498— Indone, 490— Orange N, 487— Pure Blue, 490— Yellow D, 487

Indalizarin, 383— Green, 384
Indamine, 335— Blue, 369
Indanllnes, 337
Indanthrene, 449— Blue, 449

CE, GC, GCD, RC, 449, 451
3G, 451—

• Bordeaux, 465— Brown, 478— Copper R, 478
-— Dark Blue BO, BGO, 458— — — BT, 460— Gold Orange G, R, 454— Green B, 458— Grey, 478
— Maroon, 478— Olive C, 480— Orange RT, 478— Red BN, 471

R, G, 465— Scarlet, 454— Violet B, R, 2R, 459— — RN, RRN, 471— — RT, 458— Yellow, 452
Indanthrene group, 448
Indazine, 361
Indian Blue, 538— Yellow, 72, 102, 296
Indigene, 369
Indigo, 400, 521
- BASFG, 419
—- Blank's synthesis, 415— Blue, 196,. 400, 417— — N, 3GN, 207— Brown, 400— Carmine, 418— from Naphthalene, 408

o-nitrohenzaldehyde, 406— Heumann's synthesis, 408— Indophenol Vat, 339— KG, 429— LL, 411— LL, Vats I and II, 418— MLB/4B, 5B, 6B, 429— MLB/T, 419— MLB/R, RR, 428— MLB, Vats I and II, 418
—- natural, 521— Piu-e, 408— R, RB, RR, RBN, 428— Red, 410— Salt. 406— Sandmeyer's synthesis, 413— sodamide method, 411— solution, 418— statistics, 412— summary of syntheses, 416

Indigo, synthetic, 400, 417— Vat 60 %, 418— White, 417— Yellow G, 3G, 431
Indigoid Vat dyes. Indigo group, 424— Ciba Violet group, 432

— — Thioindigo group, 432— Indirubine group, 439
Thioindigo Scarlet group, 440— — — Thionaphtheneacenaphthene*

indigo group, 441
with various groups, 441

Indigotin, 401— P, 419
Indirubine, 410
Indocarbon S, SF, 481, 491
Indochromine T, 377
Indochromogen S, 377
Indogenides, 330
Indole, 401—»dyes from, 420
Indoin Blue, 359
Indophenine, 422
Indophenol Blue, 339— White, 339
Indophenols, 338
Indophor, 410
Indoxyl, 408— Red, 410
Induline Base, 369— B, 367— 3B, 6B, 367, 369— Scarlet, 362
Indulines, 367— methods of formation, 368
Ingrain colours, 159
Intensive Blue, 202
Intermediate Products, 35
Iodine Green, 197— Violet, 503
Irisamine, 232 "

Iris Blue, 385— Violet, 359
Iron Chamois, 541
Isamine Blue, 202
Isatin, 403— Blue, 422
Isoanthraflavic acid, 266
Iso-Brazilein, 317
Isocyanines, 248
Iso-indigo, 426
Isopurpuric acid, 71
Isopurpurin, 263
Isorosindones, 343
Isorosindulinea, 343, 365
Isorropeais, 16
Isoviolanthrone, 458
Italian Green, 497

J-acid, substantive dyes from, 145
Janus Black, 359— Blue, 101, 359— Brown, 100— dyes, 7, 100— Green, 101, 359— Red, 100
Java Indigo, 524
Jet Black, 119
Julol Violet, 251

Kaempferol, 306
Kali Blue, 641
Katigene Black, 494— Black Brown, 487— Blue, 484— Brown, 488— Green, 498
— Indigo, 490
Kalikat Yellow, 532
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Kaufmann'a Law, 14
Keracyanin, 327
Kermes, 516
Kermesic acid, 269, 616, 518
Ketocoumaran, 300
Ketone Blues, 207
Ketonimines, 174
Krapp, 525
Kreuzbeeren, 531
Kryogene Blue, 484— 'Brown, 488— dyes, 486— Pure Blue, 490— Yellow G, R, 487
Kymric Green, 286

Lac, 517
Laccaic acid, 269, 517, 519
Lac -dye, 517
Lackmoid, 385
Lakes, 19 .

Lanacyl Blue, 106— Violet, 106
Lanafuchsine, 104
Lauth's Violet, 371
Leather Brown, 165— Yellow, 538
Lepidone Violet, 251
Leucaniline, 179
Leuco compounds, 10
Leucogallothionine, 377
Leucol Brown B, 479— Dark Green, 479— Yellow, 467
Liebermann-Kostanecki Rule, 257
Liebermann's dyes, 340
Light Green SF, 205— oil, 31
Lignine sulphonic acid, 34
Lignone sulphonic acid, 34
Literature of the dye industry, 545
Lithol Fast Yellow, 72— Red, 105
Litmus, 537
Lodge-Evans process, 499
Logwood, 527
Luteolin, 303
Lyons Blue, 197

Maclurin, 532
Madder, 525— extract, 526
Madras Blue, 538
Magdala Red, 366
Magenta, 177, 193— violet, green and blue dyes from, 194
Malachite Green, 202

series, 202
Malvidin, 329
Malvin, 329
Manchester Brown, 100
Manganese Bistre, 540
Marine Blue, 196
Maroon, 194
Mars Red, 104
Martins Yellow, 70
Mauve, 346, 360
Mauveiine, 346, 360
Mekocyanin, 327
Mekong Yellow, 142
Melanogen Blue, 379
Meldola's Blue, 379
Meriquinoid compounds, 15
Metabenzodihydroxyanthraquinone, 266
Metachrome Bordeaux, 110— Brown, 110— dyes, 110— Orange R, 110
Metanil Grey, 391

Metanil Yellow, 102
Methyl Blue, 201— Green, 197— Indone, 359— Orange, 102— Phenazine, 347— Violets, 195
Methylene Azure, 374— Blue, 375— Green, 72, 197, 376— Grey, 391— Heliotrope, 361— Violet, 377

3RA. 360
Michler's hydrol, 48, 171— ketone, 47, 181
Middle oil, 32
Mikado dyes, 162— Golden Yellow, 162— Orange, 163— Yellow, 162
Milling Green, 67— Orange, 117— Yellow, 114— — O, 159
Mimosa, 161
Mineral colours, 540
Modern Azurine, 384— Blue, 384— Cyanine, 383— Violet, 383

N, 384
Molybdenum Blue, 542
Monoazo dyes, 85
Monochrome Brown, 160— dyes, 110— Orange R, 110— Yellow G, H, 110
Monogenetic dj'es, 2

Monomethylquercetin, 531
Monopole Black, 376
Mordant dves, 3— Yellow," 114
Morin, 306, 309, 532
Mounsey Olive Brown, 110
Murexide, 601
Muscarine, 380
Myrtillidin, 329
Myrtillin, 329

Nako Brown, 392— dyes, 392
Naphthacene, 293— -quinones, 293
Naphthalene derivatives, 50

.

(tables), 54-5— Acid Black, 121— Black, 121
. Naphthamine Direct Black, 141— Fast Black, 164

Scarlet, 160— Scarlet, 151— Yellow, 161
Naphthanthraquinone, 294
Naphthazarine, 333
Naphthazine Blue, 362
Naphthazurine, 136
Naphthindone, 358
Naphthine, 67
Naphthoform dyes, 155
Naphthol AN, 113— AS, 112, 136— BD, 112— D, 113, 135— R, 112— Black, 118— Blue, 379

Black, 120— Green, 67
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Naphthol Orange, 101— Pink, 113— Red O, S, 105— sulphonic acids, 52— Yellow S, 70
«-NaphthoIphthalein, 220
Naphthophenazine, 342
Naphthophenosafranine, 366
Naphthopurpurin, 334
Naphthosafranine, 365
Naphthylamine Black D, 118

4B, 120— — S, 121— Garnet, 112— sulphonic acids, 53— Violet, 391
Naphthylauramine, 176
Naphthyl Blue, 367

-black, 118— dyes, 367— Red, 367— Violet, 367
Naphthylene Blue, 379
Narcein, 92
Natural colouring matters, 514— animal, 515

vegetable, 521
Navy Blue, 201
Neptune Green, 206
Nerol Black, 120
Neutral Blue, 365— Red, 356— Violet, 357
New Blue, 379

B, 381— Fast Blue, 381— Fuehsine, 194— Gold, 638— Green, 202— Grey, 391— Indigo Blue, 381— Magenta, 194— Methylene Blue, 376, 380— Patent Black, 121
Blue, 208— Phosphine, 100— Solid Green, 203— Victoria Blue, 199
Green, 203— Yellow, 101

Nicholson's Blue, 202
Nietzki's Rule, 4
Night Blue, 199— Green, 205
Nigramine, 391
NigranilLne, 388
Nigrisine, 391
Nigrophor, 112
Nigrosines, 367-9
NUe Blue, 380
Nitraniline, 38— N, 111— Red, 111
Nitrazine Yellow, 166
Nitrazole, 111
Nitroalizarin, 268
Nitroanisidine, 112
Nitro compounds, 35— dyes, 68
Nitrophenols, colour of, 68
Nitrosamine Pink, 112— Red, 113
Nitroso Blue, 379— dyes, 66
Nitrosostilbene dyes, 161
NitrotoluidLne Orange, 112
Noir Autogene, 494— Ph6nyl6ne, 391— Reduit, 628

Noir Vidal, 493
Nyanza Black, 153

Ochre, 541
Octaiodofluorescei'n, 225
Oenidin, 330
Oenin, 330
Old Fustic, 532— Scarlet, 116
Olivanthrene, 480
Orange I, 11, IV, 101— Ill, 102— G, 102— R, 102
Orcein, 537
Orchil, 537
Oriol Yellow, 159
Orleans, 538
Orseille. 537
Ortho Black, 121
Orthochrome T, 248
Orthoquinoneimine dyes, 340
Osage Orange-tree Wood, 533
Oxaniine Blue, 136— Violet, 136
Oxazines, 378
Oxazones, 385
Oxindigo, 427
Oxydiamine Black, 140
Oxyphenine, 161

Palatine Black, 120-1— Chrome Black, 121
Brown, 108
dyes, 108
Violet. 108— Orange, 71— Red, 104— Scarlet, 103

Para Black, 164— Bronze, 156— dyes, 138— Fast Brown, 145
Paramine, 391
Paranil A, 111
Paraphenylene Blue, 368-9
Paraphor colours, 138
Paraquinoneimine dyes, 335
Pararosaniline, 180
Parazol, 111
Paris Blue, 541
Pastel, 521
Patent Atlas Red, 160— Blues, 206-7— Chrome Green, 120— Dianil Black, 141— Fustine, 115— Green, 207— Navy Blue, 207— Phosphine, 397
Peachwood, 529
Peacock Blue, 196
Pelargonenin, 326
Pelargonidin, 321, 323, 325
Pelargonin, 326
Peonidin, 327
Peonin, 327
Peonine, 211
Peri Wool Blue, 108
Perkin's Violet, 360
Permanent Green, 641
Pernigraniline, 388
Persian Berries, 531— Yellow, 114
Persio, 537
Petunidin, 329
Petunin, 329
Phenanthridone, 476
Phenanthroanthraquinone, 476
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Phenanthrophenazine, 342
Phenazine, 341
Phenetidine Red, 112
Phenocyanine, 383
Phenol Black, 119, 121
Phenolphthaleine, 219
Phenols, 43
Phenomauvein, 361
Phenonaphthazine, 342
Phenosafranine, 346, 358
Phenoxazine, 340 ^

Phenylamine Black, 121
Phenylauramine, 176
Phenyl Brown, 71
Phenylene Blue, 335
Phenylfluorone, 240
Phenylglycine, 409
Phenylhydrophenazine, 340
Phenthiazine, 340
Phloxine, 225
Phosgene, 60, 190— dyes, 190
Phoaphine, 394
Phthaleins, 218— after-chroming, 226— constitution, 235
Physiological action of dyes, 22
Piccard's Theory, 5
Picrocyainic acid, 71
Pigmentchlorine, 72
Pigment colours, 3— Chrome Yellow, 165— Fast Yellow, 165— Scarlet, 109

.

.

Picramic acid, 69
Picric acid, 69
Picrocyamic acid, 71
Pinachrome, 243
Pinacyanol, 248-9
Pinaverdol, 248
Pinkoffln, 527
Pittikal, 214
Piuri, 297
Pluto Black, 154
Plutoform Black, 154— dyes, 155
Polar dyes, 107
Polyazo dyes from Benzidine bases, 137
Polyehromine, 159
Polygenetic dyes, 2
Polymerization Black, 388
Ponceaux, 102— B extra, 116— 2G, 94, 96— 2R, 4R, 94, 95— 6R, 117— 6R, 104
Prima Black, 121
Primerose a I'alcool, 121— soluble, 225
Primula, 196
Primuline, 159— Bordeaux, 159— colours, 157— Red, 159— Yellow, 158
Printing Blue, 369— Blue for wool, 493— Jnduline, 369
Proflavine, 398
Propiolic acid printing, 403
Protoemeraldine, 388
Prune, 382
Prunicyanin, 32f7

Prussian Blue, 54l
Pseudodicyanine, 249
Pseudoindigo Red, 410
Purple, 515
Purpurin, 264

Purpuroxanthin, 266
Purree, 297
Pyoktanine, Blue, 196— Yellow, 176
Pyramine Orange, 130
Pyranthridone, 455
Pyranthrone, 453
Pyrazoleanthrone Yellow, 461
Pyrazolone dyes, 163
Pyrogallolcyanine sulphonic acids, 384
Pyrogene Blue, 490— Brown, 488— Dark Green, 498— Indigo, 490— Olive N, 487— Yellow M, O, 3R, 487
Pyronines, 226
Pyrrol Blue, 422

Quercetin, 306, 308, 315
Quercitrin, 531
Quercitron Bark, 530
Quinalizarin, 274
Quinizarin, 266— Blue, 289— Green, 281
Quinoline Bases, 42— Blue, 247— dyes, 245— Green, 205— Red, 250— Yellow, 246
Quinone Theory, 11

Quinoneimine dyes, 335
Quinophthalone, 246
Quinoxalines, 363

Radial Yellow, 166
Red Coralline, 211— Developer, 138
"— Inline," 388— Violet, 200
Redwood, 629
Regina Violet, 198
Resaurine, 212
Resazurin, 385
Resoflavine, 331
Resomorin, 307
Resorcin Blue, 385— Green, 66
Resorcinol, 504
Rhamnazin, 309
Rhamnetin, 309
Rheonine, 397
Rhine Blue, 383
Rhodamine B, 230— 3B, G, 6G, 232— 12GM, 233— 5G, 230— 6G, 232, 243— S, 229— sulphonic acids, 234
Rhodamines, 230
Rhodazine, 211
Rhodine BS, 2G, 232-3—3G, 232
Rhodoles, 233
Rhoduline Orange N, 395— Yellow, 169
Rhodulines, 361
Rinnmami's Green, 543
Rosalane, 360 •

Rosamines, 229
Rosaniline, 177— constitution of, 178— Blue, 197
Rosanthrene O, 148— Bordeaux, 148— Orange, 148
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Rosanthrene Pink, 148
— Red, 148
Rose Bengal, 225
Rosein B, 194
Rosindoles, 421
Rosindones, 343, 365
Rosinduline G, 365
Rosindulines, 343, 351, 365
Rosol Red, 170— Scarlet, 170
Rosolic acid, 209

dyes, 209
Rosophenine, 144
Rubine, 194
Rufigallic Acid, 267
Riifigallol, 267
Russia Leather Red, 194
Russian Red. 194

Saccharei'ns, 234
Safflower, 537
Saffron substitute, 70
Safranine, 346, 358— MN, 360
Safranines, 343, 351, 357— constitution, 353— -sulphonic acids, 362
Safraninones, 343
Safranoles, 343
Safrosaniline, 360
Safrosine, 72, 225
St. Denis Red, 143
Salicine dves, 108— Red, 131— Yellow, 131
Salicyl Yellow, 71
Salmon Red, 144, 160
"Salt dyes," 3, 123
Salvianin, 326
Salvin, 326
Salvinin, 326
Sanderswood, 53
Sandmeyer's Indigo synthesis, 413
Santalin, 530
Santalwood, 530
Sapanwood, 529
Scarlet EC, 116— for Cotton, 99

Silk, 104— R, 104
Schweinfurt Green, 542
Sedan Blue, 201
Sensitol Green, 248— Red, 249
Setocyanine, 203
Sefcoglaucine, 203
Shading Salt, 112
Silk Blue, 201
Silver Grey, 538
Sirius Yellow, 294
Smalt, 642
Smoke Blue, 538
Solid Green, 202

^ G, 382— — J, 203
O, 66— Steam Green, 67

Solidogene, 132
Solochromate dves, 110— Brown, 110

"

— Grey, 110
Solvent Naphtha, 33
Solway Blue, 279— Purple, 285
Sorbine Red, 104
Soudan G, 101— Ill, 117
Spirit Blue, 197— Eoaine, 225

Spirit Indulines, 368-9
Stable Diazo compounds, 113
Steam Green, 67
Steel Grey, 370
Stick Lac, 517
Stilbene dyes, 143
Styrogallol, 330
Substantive dyes, see Direct dyes
Succineins, 228
Sulphamine, 67
Sulphaniline Brown 4B, 487
Sulphine Brown, 488
Sulphon Acid Blue, 106— Azurine, 142— Cyanines, 122— Yellow, 159
Sulphonic acids, 43
Sulphorhodamine B, 234
Sulphur dyes, 483

application of, 499
Black, 493
Blue, 489
Blue-black, 493
Brown, 486
Green, 498— — miscellaneous, 497
Red, 498
technical, 486
Violet, 498
Yellow, 486

Sulphureins, 235
Sulphuretted anthraquinone vat dyes, 473
Sun Gold, 72— Yellow, 161
Supramine dyes, 107
Synthetic dye industry, history of, 502

Tannin dyes, 2— Heliotrope, 360— Orange, 100
Tartrachrornine, 115
Tartrazine, 163
Terracotta, 159
Tetracyanol, 207
Thenard's Blue, 542
Thiazine Brown, 160— Red, 160
Thiazines, 371
Thiazole dves, 157— Yellow,' 159
Thiocarmine, 376
Thiocatechin, 488
Thiochromogene, 169
Thioflavine, 159
Thiogene Black, 494— Brown, 488— Dark Red, 498— Green, 498— Heliotrope, 498— Purple, 498— Violet, 498— Yellow, 487
Thioindigo, 432— Blue 2G, 442— Brown, 440— Grey, 438— Orange R, 435— Red, 432— Scarlet G, 2G, 440-1

R, 440— Violet K, 432
Thion Blue, 490— Brown, 488— Yellow, 487
Thionine Blue, 376
Thionol Black, 494
Thionolines, 377
Thiophenol Black, 494
Thiophor Indigo, 490
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Thiopyronine, 227
Thiosulphate process, 375
Thiotoluidine, 158
Thymolsulphonephthalein, 221
Titan Pink, 160
Tolane Red, 105
Tolidine, 41, 86
Toluene derivatives (table), 49
Toluylene Blue, 338, 348, 368-9— Brown, 156-6— Fast Orange, 163— Orange, 130, 155— Red, 133— Red, simplest, 338, 347— Yellow, 155
Tolyl Blue, 106^ 121
Triaminoazobenzene, 94
Trihydroxyanthraquinones, 263
Trinitrotoluene, 69
Triphendioxazine, 386
Triphenylmethane dyes, general, 177

constitution, 177—8
methods of preparation, 188

Triphenylmethyl, 9
Trona Red, 144
Tropseoline D, 102 .— O, 00, OOO, 101
Trypaflavine, 23, 398
Turmeric, 534
Turmerine, 159
TurnbuU's Blue, 541
Turquoise Blue, 205
Tuscaline Orange, 112— Red Base, 112
Tyrian Purple, 360, 515

Uranine, 222
Uranium Yellow, 542
Ultracyaiiines, 383
Ultramarine, 541
Ultraviolet LGP, 383
Ultraviridine S, 244
Ungreenable Aniline Black, 388
Ursol. 392

Vacancein Blue, 359
Vat dyes, 423

Anthraquinone, 445
Benzoquinone, 482
Indigoid, 424
thionated, 479— Red, 434

Vermilion, 541
Vert Diamant, 202
Vesuvine, 100

Victoria Black, 119— Blue, 199— Green, 202, 542— Orange, 70— Rubine, 105— Violet, 105— Yellow, 10i2

Vidal Black, 488, 493
Violamine B, 3B, 235
Violaniline, 193, 368
Violanine, 328, 368
Violanthrone, 456
Violet Black, 163— de Paris, 195— Rosaniline dyes, 195— Solide, 381
Viridone, 67
Vitoline Yellow 5G, 394, 399
Vulcan dyes, 155

Water Blue, 201
Watson and Meek's rule, 259
Watson's Rule, 12
Weld extract, 632
Weselski's dyes, 385
Wool Black, 118

6B, 120— Blue, 200
N extra, 202— Fast Blue, 363
Violet, 363— Green S, BS, 206— Violet, 107— Yellow, 115

Wurster's Red, 15

Xanthane, 215
Xanthene dyes, 215
Xanthone dyes, 296
Xanthonium derivatives, 216
Xanthorhamnin, 531
Xanthydrol, 214
Xylene Light Yellow, 166— Red B, 234— Yellow, 166
Xylidine, 37

Yellow Berries, 531
"— of the Second Order," 6— Pyoktanine, 176
Young Fustic, 532

Zaccatila (Cochineal), 616
Zambesi Red, 161
Zinc Chromate, 542
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